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INTRODUCTION 
THERE is today an urgent need for information on how to distribute 
irrigation water uniformly over land surfaces. Land and water are 
no longer cheap. Prices of the better irrigated lands in Utah range 
from $200 to $400 or more per acre) whereas dry farm lands are 
worth less than $100. Water stock which formerly sold at $25 per 
share now costs $100) or more. Storage water in the newer r eservoirs 
costs from $30 to $50 per acre-foot) an amount equivalent to $9)000 
or more for a full water right to irrigate 100 acres. Because of these 
high costs of land and water it is more and more essential to apply 
irrigation water efficiently. 
Reliable information is urgently needed on how to apply irrig'ation 
water efficiently. Water-application efficiency is defined as "the ratio 
of the amount of water that is stored by the irrigator in the soil 
root zone and ultimately consumed (transpired or evaporated or 
both) to the amount of water delivered at the farm." Irrigation 
farmers need to know how to reduce surface runoff; how to obtain 
reasonably uniform depth of infiltration; how to avoid excessive deep 
percolation losses; and how to balance the size of stream) length 
of irrigation run) and width of land strip with the rate of infiltration 
of water into the soils. Knowledge is also needed on how to moisten 
fully the soil root zone at each irrigation with minimum loss of water; 
and thus how to attain high water-application efficiencies. 
This bulletin reports the results of field studies of water-applica-
tion efficiencies on farms in Utah and Salt Lake Counties. The 
objective of these studies was to determine the efficiency with which 
water is being applied on representative farms in Utah. It is hoped 
through this report to increase information) interest) and activities 
1. Research professor of irrigation and drainage, Utah Agricultural Experi-
ment Station, and collaborator, U. S. Department of Agriculture. 
2. Associate hydraulic engineer, Division of Irrigation, U. S. Soil Conserva-
tion Service. 
3. Research assistant, Utah Agricultural Experiment Station, and junior 
hydraulic engineer, Division of Irrigation, U. S. Soil Conservation Service. 
4. Research assistant, Utah Agricultural Experiment Station, and junior 
hydraulic engineer, Division of Irrigation, U. S. Soil Conservation Service. 
Report on project 151-Purnell. 
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looking toward more efficient application of water in irrigation. The 
results of the measurements reported herein should be of interest and 
value to water masters, ditch riders, county agricultural agents, agri-
cultural engineers, and others concerned with the use, distribution 
and regulation of irrigation water. 
HISTORY THE Utah Agricultural Experiment Station initiated studies in 
irrigation almost immediately after it was founded more than 50 
years ago. During the first quarter century of its irrigation research, 
major attention was given to finding the relation between amounts of 
irrigation water annually applied and the resulting crop yields. The 
objective of this work was to find, under the 'climatic conditions of 
Cache Valley, the crop r esponses in yield and quality to different 
amounts of irrigation water. The experimental plots were small, the 
average area being about one-tenth acre; they were level, or very nearly 
so, and surrounded with levees, thus facilitating uniform distribution 
of irrigation water and preventing runoff losses. Soils of the experi-
mental plots, for the most part, were deep loams of relatively homo-
geneous texture and structure, having high capacities to retain soil 
moisture. The knowledge of the relationships between crop yields 
and amounts of irrigation water gave irrigators information as to how 
much water they needed to store in their soils annually to produce maxi-
mum crop yields. 
On the other hand, this knowledge gave them no information as 
to how to distribute irrigation water uniformly over the land surfaces 
of their farms, and thus cause r easonably uniform depth of percola-
tion into the soil; or how to I'educe, if not prevent, surface runoff 
losses on irrigated farms and yet moisten the soil adequately ; or 
how to avoid excessive deep-percolation losses at one end or the 
other of long sloping strips of land; or how to balance the size of 
stream, length of irrigation run, and width of land strip, with the 
rate of infiltration of water into the soil; or finally, how to moisten 
fully the soil root zone at each irrigation with a minimum of water 
losses and thus attain high water-application efficiencies. 
The importance of water-application-efficiency studies as bases 
for improvements of irrigation practices has been recognized by ir-
rigation research workers in western states other than Utah, particu-
larly in California and N ew M exico. 
In California in 1926-27, Beckett, Blaney, and Taylor,5 in con-
nection with their study of " "Vater r equirement of citrus and avacado 
5. Beckett, S. H., Blaney, H arry F., and Taylor, Colin A. Irrigation water 
requirement studies of citrus and avocado trees in San Diego County, 
California, 1926 and 1927. Calif. Agr. Exp. Sta. Bul. 489. 1930. 
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trees" made 40 observations of "irrigation efficiency" -a term used 
by them with the same meaning as the term "water-application effici-
ency" is herein used. The r esults showed a wide variation; the max-
imum efficiency being 73 percent; the minimum, 26 percent; and the 
mean, 52 percent. 
Eleven farms were included in their study and measurements 
were made on fields which were irrigated by the "spray" and "furrow" 
methods of water application. Among other things they concluded 
that "under existing conditions as found in the areas under observation, 
the average efficiency which may be exp ected under good practices 
it about 60 percent." 
From studies made in Pecos Valley, New Mexico, during 1940 by 
Blaney, Ewing, Morin, and Criddle6 it is seen that the water-applica-
tion efficiencies in 14 tests varied considerably. In some areas the 
irrigation water did not penetrate into the soil below 6 feet, and 
the amount of water absorbed (stored) varied from 22 to 76 percent 
of that applied. The p ercentage of water absorbed ranged from 32 to 
46 on corn land, silt loam soil; 67 to 70 on orchard, fine sand soil; 
22 to 76 on cotton land, fine sandy loam soil; and 26 to 65 on 
alfalfa, fine sandy loam soil. 
THE IRRIGATOR'S PROBLEM AT EACH irrigation the farmer applies to his land a given volume 
of water. His irrigation problem is to store his irrigation water 
in the form of soil moisture in the root zone of his soil. He cannot 
store all of his irrigation water as soil moisture-some loss of water 
is unpreventable. If he stores the maximum percentage consistent 
with good irrigation practice and economy, then his water losses 
are as low as he can reasonably make them. Common sources of 
loss of irrigation water are surface runoff and deep p ercolation. If the 
evaporation losses during the time of irrigation be negelected, then 
the volume of water applied must equal the sum of (1) the volume 
stored as soil moisture in the root zone, plus (2) the volume lost by 
deep percolation below the root zone, plus (3) the volume lost as 
surface runoff. 
Methods of measuring the volume of water stored in the root 
zone soil at each irrigation and the r esults of many measurements on 
Utah farms as a means of finding the water-application efficiency 
are considered in this bulletin. It is impractical, as yet, to measure 
6. Blaney, H. F., Ewing, P. E., Morin, Karl, and Criddle, W. D . Consump-
tive water use and requirements, Pecos River joint investigation (Part 
IV -B) Section 2. Division of Irrigation, U. S. Soil Conservation Service. 
Report. 1940. (mimeo.) . 
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by direct means the volume of deep percolation losses, but the 
volume of water lost by surface runoff can be measured at a nominal 
cost. 
To find the water-application efficiency it is essential to measure 
the volume of irrigation water delivered to a farm or plot in a par-
ticular irrigation. For this item it is necessary to measure only two 
factors; namely, the flow of the irrigation stream7 in cubic feet per 
second (or acre-inches per hour) and the time in hours that the 
stream is applied to the plot. 
The usual procedure followed by irrigation research workers 
in computing water-application efficiencies is to express the amount 
of water stored in the soil of the root zone and the amount applied 
to the farm, in terms of acre-inches per acre, or simply inches depth 
over the land surface. 
SELECTION AND LOCATION OF FARMS 
IN SELECTING the cooperator farms for these studies, an attempt 
was made to :find capable irrigators having representative farms and 
soils. The authors, accompanied by the county agricultural agents, 
spent several days in visiting farms throughout the counties in an 
attempt to choose those most representative of soil and water con-
ditions, having available sites at which measurements of the irriga-
tion streams could be made, and having also representative crops and 
land slopes. 
After careful consideration of all of the conditions, 23 farms 
which are described in full later in this bulletin, having soil types 
as given in tables 1a and 1b were selected for the water-application 
ef:fidency studies. 
The location of each of the 14 farms in Utah County, designated 
by number, is shown in figure la, and the location of the 9 Salt 
Lake County farms is shown in figure lb. 
The water-application efficiency tests on 6 of the farms-3 in 
each county-are of doubtful value and are not reported herein. Thus 
farms number 1, 13, and 14; although included in table 1a and figure 
la, are not included in the summary of results in table 3b or in the 
analyses in figure 5a. Similarly farms number 15, 16, and 20; in-
cluded in table 1 b and figure 1 b are not included in table 4b or in 
:figure 5b. 
1. The flow, if constant, is easily measured by anyone of several methods of 
water measurement described in Utah Eng. Exp. Sta. Bu!. 2. If the 
stream flow is not constant, it should be measured at frequent intervals. 
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Table la. Utah Oounty farms on which water-application-efficiency studU8 ' 
were made dturing the period 1931 to 1940,* s,howillg land class number, farm 
nwmber, soil type and location of ecwh farm 
Class Farm 
no. 
.. I 
II 
III 
no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
SQiI type 
Santaquin gravelly loam 
Santaquin sandy loam 
Hyrum clay loam east and west, Santa-
quin sandy loam in center 
Hyrum gravelly loam 
Redrock sandy loam; some Logan 
clay loam 
Mainly a Taylorsville clay, some Santa-
quin fine sandy loam on west and a 
ridge of Santaquin gravelly loam 
through center 
Parleys clay loam 
Santaquin sandy loam; some Timpano-
gos clay loam, sloping phase 
Redrock sandy loam, some Airport clay 
in western part 
Mainly Taylorsville clay loam 
McBeth clay loam, poorly drained 
Sandy loam and silty clay loam; Red-
rock clay loam 
McBeth clay loam, impaired drainage 
Clay loam, poorly drained (high in or-
ganic matter) 
Location 
Mapleton 
Springville 
Spanish Fork 
Orem 
Mapleton 
Manilla 
Salem 
Lakeshore 
Mapleton 
Lehi 
Palmyra 
Lehi 
American Fork 
*Detailed water measurements and soil moisture observations were made on 9 farmll in 
1937 and on 14. farms during 1938, 1939, and 1940. 
CLASSIFICA TION . OF FARM LANDS THE irrigated lands in Utah valleys within the Great Basin, range 
in elevation from the higher lands near the mountains to the 
lower lands which constitute the valley floor. The change in elevation 
from highlands to lowlands is as much as 400 feet in some valleys. 
These elevation differences occur also in valleys within the Colorado 
River drainage area but probably to a lesser extent. High permeabil-
ities to water, shallow depths of soil, coarse textures, gravelly subsoils, 
and in many cases excessive slopes, characterize the higher valley 
lands. These lands are popularly known as "bench" lands. They are 
naturally well drained. 
The soils of relatively medium elevation are usually of greater 
depths, medium to fine textures, medium permeabilities, and usually 
of higher productive capacities. 
'The lower lands of the valley floor usually have soils of much 
finer textures, compact structures, low permeabilities, and shallow 
depths to ground-water. 
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Table lb. Salt Lake Oounty farms on which water-application-efficiency 
studies were 'made during 1941, showing land class nwrnber, farm nwmber, soil 
type, * and location of each farm 
Class 
no. 
II 
I 
II 
Farm 
no. 
15 
16 
17 
18 
19 
20 
21 
22 
23 
Soil type 
Welby loam 
Vvelby loam, eroded on steep phase 
Redrock loam 
Wasatch coarse sandy loam 
Taylorsville silty clay loam 
Taylorsville loam 
Welby fine sandy loam 
Welby loam 
Taylorsville silty clay loam 
Bingham gravelly loam 
Redrock loam 
Redrock silty clay loam 
Bingham loam 
Taylorsville loam 
Decker loam 
Welby loam, deep hardpan phase 
Bingham loam, deep phase 
Location 
Holladay 
Magna 
East Crescent 
West Jordan 
Taylorsville 
Granger 
Riverton 
Sandy 
Granger 
*The soil types were determined in a survey of the soils of Utah County and of Salt 
Lake County conducted by the Agronomy Department of the Utah Agricultural 
Experiment Station, and the Soil Survey Division of the Bureau of Plant Industry, 
Soils and Agricultural Engineering. The final classification and correlation of the 
soils of the Utah County area has not been completed, and the names are therefore 
subject to change. 
Because major differences with respect to soil properties, relative 
elevations, land topographies, and ground-water conditions usually 
influence irrigation practices and results, the authors have found it 
helpful to group the farm lands studied into three classes. The soil 
classes used herein for irrigation purposes should not be confused with 
the soil type classifications made officially by the Agronomy and Soils 
Department of the Utah Agricultural Experiment Station in coopera-
tion with the U. S. Department of Agriculture, as given in tables la 
and 1 b of this bulletin, or with the soil terms used in other standard 
soil surveys. 
The three classes of lands used herein for the purposes above 
explained are as follows: 
Class 
I 
II 
D,esoription 
High, well-drained lands; having shallow, course-textured 
topsoil underlain with gravel at a depth from 2 to 6 feet. 
Medium elevation valley lands with fair to good under-
drainage, not appreciably affected by ground-water, and 
having a general loam type medium soil. 
WATER-ApPLICATION EFFICIENCY STUDIES g -
Fig. la Map of a part of Utah County, showing location of farms studied 
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Fig.1b Map of a part of Salt Lake County showing location of farms studied 
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III Low-lying valley lands with impaired drainage and finer-
textured soils. 
T he farms are grouped into the various classes as follows: Utah 
County farms 1 to 4 in the first class; farms 5 to 10 in the second 
class; and farms 11 to 14 in the third class. Five of the six Salt Lake 
County farms are on class II lands; farm 17 is on class I land. 
Fig. 2 Taking soil samples for moisture determinations 
These classifications are of course approximate only, for there 
is no distinct boundary line between each of the different classes. 
For example, on part of farm 8 near the south end of the valley, the 
soil is quite rocky and well-drained, having a fairly steep slope; but 
the maj or area of the farm has soil more comparable to the other farms 
designated class II. The soil 'texture on farm 12 is quite variable 
from point to point, but this farm exhibits several -characteristics which 
are p eculiar to lands under class III, and is therefore placed under this 
heading. Although necessarily arbitrary because of the great vari-
ability of soils, a division into classes has been made to facilitate a 
comparison of data concerning the different lands studied. 
METHOD OF TAKING SOIL SAMPLES 
M EASUREMENT of the volume of water stored in the soil at each 
irrigation is costly . Direct measurements of soil moisture cont ent 
by volume are impractical and it is therefore necessary to make 
direct measurements of moisture content by weight and then change 
the results to a volumne basis. To find the increase in moisture per-
centage by weight from each irrigation, soil samples were collected 
as shown in figure 2 before the water was applied and again one 
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or two days after. Borings were made with a two-inch diameter post-
hole type soil - auger at six or more representative points in the 
£eld.8 A r epresentative soil sample was taken from each foot of 
soil in each boring. The first foot) for instance) is represented by a 
soil sample taken at a depth between 3 and 9 inches; the second foot 
by a sample taken at a depth between 15 and 21 inche ) and so on. 
Fig. 3 Making an apparent specific gravity determination. Field men make 
volume and moist-weight measurements of the tube core sample after 
having taken moisture sample from a "center" hole for drying and 
moisture analysis in the laboratory. Note shovel in background at 
location where core sample was taken . 
MOISTURE DETERMINATIONS 
MOISTURE determinations were made by drying 200 grams of each 
sample of soil in an electric oven at a temperature of 105 to 110 
degrees Centigrade. Average moisture precentages were computed for 
each foot depth of soil. The average percentage after irrigation) 
minus that before irrigation was taken as the increase in soil moisture 
caused by the irrigation. Representative measurements of the ap-
parent speci£c gravity of the soil as illustrated in £gure 3) are nec-
essary to make the conversion from moisture p ercent by weight to per-
cent by volume.9 The volume of water stored as soil moisture in a given 
8. Experience indicates that the observed differences between the moisture 
content before irrigation and after irrigation with but six borings will be 
,significant only for the most favorable soil conditions and for a consider-
able increase in moisture content. 
9. Methods of measuring the apparent specific gravity of soils and their 
permeabilities, together with consideration of other technical aspects of 
the studies reported herein will be considered in future publications. This 
bulletin is intended for non-technical readers. 
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volume of soil is equal to the product obtained by multiplying the 
p ercentage moisture increase by the apparent specific gravity times 
the depth of the root zone soil and the area of the plot. Two assump-
tions must be introduced, namely: 
(1) The depth of soil root zone in which the moisture may be 
considered as "stored" and available to crops, and 
(2) The time period after irrigation at which further downward 
flow of water may be considered negligible, and therefore 
at which nearly all of the moisture then " stored" in the 
soil of the root zone may be available . to the crops. 
In view of the fact that soil moisture det erminations at best 
must be restricted to the soil from a few borings per farm because of 
the high cost and the limitations in funds for r esear ch, and that at least 
two assumptions must be introduced, it is evident that a high degree of 
accuracy in the measurement of ,,-ater-application effi cien cies should not 
be expected. 
WATER-APPLICATION-EFflCIENCY 
DETERMINATIONS 
SUMMARIZING the detailed statements in this bulletin shows that to find the water-application efficiency it is necessal'y to make the 
following measurements at each irrigation: 
a. Area of plot or tract covered, acres. 
b. Soil moisture content before irrigation, percent. 
c. Soil moisture content after irrigation, percent. 
d. Weight of the dry soil in the root zone, pounds per cubic foot. 
e. Size of irrigation stream cubic feet per second. 
f. Time of irrigation, hours_ . 
Detailed records of measurements of these 6' ifems, together with 
the assumptions and the r esults of computations required for finding 
the water'-application efficienci s, are presented in tables 3a and 
4a . The most difficult and expens i\-e measurements are item's ( b ) and 
(c) above. The procedure in measuring these items and the conditions 
encountered are further considered in the following paragraphs. 
A measurement of the increase in soil moisture percentage brought 
about by each irrigation required r epresentative soil sampling just 
before and shortly after (1 to 2 days, depending on the soil) the 
water had been applied, The soil sampling was arranged on a sys-
t ematic pattern over the entire field in order that the samples would 
be representative of all of the root zone soil. A sufficient number of 
samples was , taken so that the resulting average would represent as 
nearly as possibl e the moisture percentage over the tract. Samples 
after irrigation were taken within a few 'feet of the location of the 
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corresponding sample before irrigation, in order that the observed 
increase in soil moisture percentage would give the true increase. 
Some farms include two or more soil types. However, in sampling 
according to a pattern, as above described, and in restricting the 
measurement s of efficiency to small tracts or parts of the farm, 
only one soil type was ordinarily encountered in each efficiency test. 
No precise measurement of the depth of soil root zone is possible 
because of the many varying conditions. This depth must be as-
sumed or estimated. However, after a careful study of the conditions 
on each farm-including depth to ground-water, type of soil, and 
the crops-it is possible l·easonably to estimate th is depth. The kind 
of crop is an important factor in estimating the depth of r oot zone. 
Small grains, for instance, are assumed to have a root zone of 36 
inches whereas the alfalfa root zone is assumed to be 60 inches . 
The depths of root zone selected for these and other crops are shown 
in t able 2. 
Table 2. Asswmed depths of root zones for various crops raised on farms 
studied for water-application efficiency 
Assumed 
Crop depth of 
root zone 
inches* 
Alfalfa 36-60 
Beans 24-36 
Beets 36-48 
Berries 36 
Cabbage 24 
Carrots 36 
Corn 36-48 
C ucumbers 24 
Grain 24-36 
Onions 24 
Orchard 60 
Pasture 24 
Peas 24-36 
Potatoes 24-36 
Tomatoes 36 
*The shallower depth shown for each crop was used only on those farms where the 
water table was high 
DESCRIPTIONS OF FARMS AND 
RESULTS OF TESTS ON EACH FARM 
PAGES 15 to 43 contain detailed farm de criptions, contour maps, sources of water supplies, methods of water measurement, an(l 
results of the significant water-application efficiency measurements for 
each of the farms included in the study. The contour maps showing 
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ft;lrm ditches, the slope of land surface, and the direction of flow of 
water over the land constitute an important part of the descriptions 
of the farms. 
are: 
The symbols used to show the various features on the farm maps 
~-----
o 0 0 0 
Contour 
F ence 
Crop boundary 
Irrigation ditch 
Canal 
Direction of irrigation water flow 
Farm road 
Artesian wells 
The dominant causes of the lower water-application efficiencies 
on each farm are mentioned briefly, and the practical methods sug-
gested for increasing the efficiencies will be of interest to irrigators, 
agronomists, engineers, and public officials who are working toward 
improvement of irrigation practice and toward more crop production 
with limited water supplies. 
Utah County Class I Farm Lands 
FARM lands designated class I have well-drained soils of relatively 
high permeability, usually underlain with gravel at a shallow 
depth. Because of the difficulty in obtaining a representative soil 
sample for moisture content in gl'avelly soils the efficiency measure-
ments on the farms in this class are limited to those farms, or particu-
lar plots, on which the underlying gravel is at a sufficient depth to 
allow representative soil sampling. 
Farm 2. This farm, located on the south bench of Springville 
and north of Hobble Creek, is well drained. The soil is Santaquin 
sandy loam. Because of the t ype of crops grown most of the irrigation 
water is applied early in the season, although a fairly large amount 
was applied during August, 1938. The irrigation water, which is 
obtained from Hobble Creek, was measured either by a current meter 
or by a portable metal Cipoletti weir with an 18-inch crest. A p erma-
nent 2-foot rectangular weir, which has unfavorable conditions for 
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water measurement by itself since it has a high velocity of approach 
owing to a heavy growth in the sides of the channel, was used only 
for approximate measurements. 
Farm 2- Springville, Utah County, contour interval 
acres 
foot, total area 42.7 
Seventeen measurements of water-application efficiencies were 
made on this farm which showed an average efficiency of 30 percent. 
Detailed results1 0 of each test are shown in table 3a. Twelve of the 
17 tests were made on crops having an assumed root zone of 36 inches 
and showed an average of 31 perce'nt efficiency as shown in table 
3b. Two t ests were made on the 48-in ch root zone crops and three 
on the GO-inch root zone crops. These tests gave average efficiencies 
of 33 p ercent and 25 p er cent, r espectively. The efficien cies varied 
from 15 to 60 percent for the 36-inch root zone. 
Contrary to usual . practice the efficiencies for soils producing 
the deep-rooted crops were in general lower than on those with the 
shallow-rooted crops. Of the 17 measurements made, 15 showed 
results of 40 percent or less. Eight of these 15 were definitely at-
tributed to an excessive application of water (in one instance more 
than 33-inches depth was applied in one irrigation ) caused either by 
trying to run the water on too long a strip or by spreading the irri-
gation stream over too wide a strip, together with an excessive amount 
of surface runoff in some instances. Of the 7 other measurements 
showing results of less than 40 percent, 2 were caused by irrigating 
while the soil already contained a relatively large amount of water, 
3 by unequal distribution of the water over the land, and 2 by a 
10. The reader will find it helpful to examine tables 3a, 3b, 4a, and 4b fre-
quently in connection with the results of water-application-efficiency 
studies on each of the farms as presented in the following pages. 
Table Sa. Water-applicatio-n-efficie-ncy te8t8, Utah OO'U-nty farms 
2 9 ), 5 8 10 11 1! IS I), 16 
Mois- Mois. Mois- Depth Depth Time Water 
Holes (or ture ture ture Apparent of of Size of water Water Depth appli-
Date Crop Area soil sam- after before differ- specific root water stream appU- ap- ap- cation 
pIes lrr. Irr. ence gravity 7.one stored used cation plied plied effic-
iency 
acre per-
acres no. percent percent percent inches inches c.f.s. hours inclte& inche& cent 
Farm number 2 
6-12-40 Oats 6.87 12 16.4 9.8 6.6 1.42 36 3.4 6.5 24.0 156.0 22.7 15 ~ 
10- 1-39 Wheat stub. 6.87 16 21.1 12.1 9.0 1.42 36 4.6 4.0 48.0 192.0 27.9 16 > 
9- 7-38 Grain 2.55 7 18.3 10.9 7.41 1.42 36 3.8 5.1 9.0 45.9 18.0 21 ~ ::' 9- 3-40 Tomatoes 1.15 9-6 21.7 11.6 10.1 1.42 36 5.2 5.8 4.0 23.2 20.0 26 > 8- 6-39 Oats 5.32 8-6 18.8 13.7 5.1 1.42 36 2.6 6.0 9.0 54.0 10.2 26 "d 
"d 7-16-39 Beans 4.97 12-8 17.1 13.2 3.9 1.42 36 2.0 6.0 6.0 36.0 7.2 28 t: 
7- 2-40 Tomatoes 2.03 9 20.5 14.1 6.4 1.42 36 3.3 7.8 3.0 23.4 11.5 29 () > 8-16-39 Beans 4.97 17 13.9 9.1 4.8 1.42 36 2.5 5.9 6.0 35.4 7.1 35 .., 
5-23-40 Wheat 6.87 8 20.9 9.2 11.7 1.42 36 6.0 7.2 15.0 108.1 15.7 38 S z 
5-19-39 Grain 8.58 11 18.3 13.9 4.41 1.42 36 2.3 7.8 6.7 52.2 6.1 38 tt1 8-14-40 Tomatoes 2.03 12-11 18.8 12.6 6.2 1.42 36 3.2 5.4 2.7 14.9 7.3 44 "l 
7- 7-39 Wheat 6.87 9 21.8 12.4 9.4 1.42 36 4.8 6.9 8.0 55.2 8.0 60 "l (=; 
8-15-38 Corn 2~57 3 19.8 16.8 3.0 1.42 48 2.0 5.4 3.0 16.2 6.3 32 t;; 
7-18-40 Corn 1.75 12 14.8 11.6 3.2 1.42 48 2.2 5.6 2.0 11.2 6.4 34 ~ 
9-14-40 Yng. alf. 4.97 12 16.1 13.1 3.0 1.42 60 2.6 5.5 14.0 77.0 15.5 17 
() 
~ 
10-14-38 Alfalfa 6.87 6 18.0 10.9 7.1 1.42 60 6.0 4.8 48.0 230.4 33.5 18 rn 
9- 2-39 Newalf. 4.50 10 18.9 12.2 6.7 1.42 60 5.7 7.2 9.0 64.8 14.4 40 ~ 
Farm number 3 t'j <Il 
5- 8-39 Grain 19.36 9 21.3 18.9 2.4 1.28 36 1.1 9.8 12.0 117.6 6.1 18 
6-12-39 Grain 19.36 10 22.7 18.9 3.8 1.28 86 1.8 9.0 14.5 130.5 6.7 27 
6-26-40 Grain 3.22 12 13.6 11.8 1.8 1.28 36 0.8 7.5 6.0 45.0 14.0 6 
7-14-39 Gr,ain 15.45 8-6 19.3 13.1 6.2 1.28 36 2.9 8.0 21.0 168.0 10.9 27 
6-26-39 Alfalfa 7.36 8 19.5 14.5 5.0 1.28 60 3.8 8.0 7.5 60.0 8.2 46 
8-25-39 Peaches 4.76 8 17.1 15.6 1.5 1.28 60 1.2 /J.7 4.0 26.8 5.6 21 
7-13-40 Alfalfa 6.00 12 18.3 12.7 5.6 1.28 60 4.3 10.0 4.0 40.0 6.7 64 
7-31-40 Orchard 4.76 11 18.2 13.6 4.6 1.28 60 3.5 8.1 2.0 27.9 5.9 59 
7.8 1.5 ..... -:( 
8-14-40 Orchard 2.80 12 20.3 14.4 5.9 1.28 60 4.5 8.2 2.5 20.~ 7.3 62 
..... 
Table 3a. Wate1'-alpplication-efficiency t ests, Utah Oounty far'l1'/,S (continued) CXl 
~ S 4 5 6 8 9 10 11 12 13 14 16 
Mois- Mois. Mois- Depth Depth Time Water 
Holes for ture ture ture Apparent of of Size of water Water Depth appli- q 
Date Crop Area soil sam- after before differ- specific root water stream appli- ap- ap- cation ~ 
pIes irr. irr. ence gravity zone stored used cation pJied pJied effic- II> 
iency ~ 
acre per- ::> 
acres no. percent pe1'cent percent inches inches c.l.s. hoU1'S inches inches cent 0 ~ (') 
Farm number 4 Cl ~ 
Cl 
10-13-38 Barley 8.88 6 15.6 6.9 8.7 1.52 86 4.8 4.9 18.0 88.4 26.5 18 ~ 
5- 9-89 Grain 8.38 9 15.5 10.7 4.8 1.52 86 2.6 5.3 7.0 87.1 11.1 28 I:" 
6- 9-89 Grain 8.88 10 16.9 12.1 4.8 1.52 86 2.6 3.6 5.5 19.8 5.9 44 t:r:1 
6-25-89 Oats 8.57 7 15.6 10.0 5.6 1.52 86 8.1 2.5 6.0 15.0 4.2 74 ~ 'Ii 
5- 4-40 Oats & yng. alf. 8.57 9 16.5 18.8 2.7 1.52 48 2.0 8.8 16.0 52.8 14.8 14 toj ;:; 
6-12-40 Corn 1.11 8 12.7 10.0 2.7 1.52 48 2.0 2.0 8.5 7.0 6.8 82 ~ 
7-20-40 Corn 0.80 9 18.7 11.7 2.0 1.52 48 1.5 1.6 2.0 8.2 4.0 88 toj Z 9-10-38 Alfalfa 2.00 6 15.9 12.9 8.0 1.52 60 2.7 8.2 3.5 11.2 5.6 48 1-3 
5- 9-39 Orchard 1.06 4 14.8 8.7 5.6 1.52 60 5.1 5.3 2.0 10.6 10.0 51 en 
7- 3-39 Alfalfa 7.58 8 13.7 10.6 8.1 1.52 60 2.8 2.5 10.5 26.3 8.5 80 1-3 > 
7-18-89 Orchard 1.06 14-7 12.8 8.7 8.6 1.52 60 8.8 3.0 1.2 8.8 8.6 92 ~ (5 
8- 2-89 Orchard 1.06 18-11 11.6 10.1 1.5 1.52 60 1.4 2.4 1.0 2.4 2.8 61 Z 
6-21-40 Orchard 1.06 7 8.1 6.6 1.5 1.52 60 1.4 2.7 2.0 5.4 5:1 27 t:d 
Cl 
Farm number 5 I:" E;; 
1-3 
6-16-40 Peas 5.18 12 24.2 18.7 5.5 1.40 86 2.8 8.2 18.0 41.6 8.0 85 ~ 
8-16-88 Beets 5.20 6 22.1 20.0 2.1 1.40 48 1.4 2.9 12.0 84.7 6.7 21 0" 
9-15-88 Beets 5.20 6 22.7 19.0 8.7 1.40 48 2.5 4.8 18.0 56.2 10.8 28 ..... ..... 
8- 8-88 Beets 5.20 6 24.5 17.0 7.5 1.40 48 5.0 3.6 12.0 43.2 8.8 60 
7-12-40 Alfalfa 8.61 7 23.5 20.0 8.5 1.40 60 2.9 4.6 10.5 48.8 5.6 52 
8-21-40 Alfalfa 7.58 11.8 24 .. 8 18.0 6.8 1.40 60 5.7 5.8 14.2 75.4 10.0 57 
Table 3a. Water-application-efficiency tests, Utah County farms (continued) 
~ 8 4 5 6 7 8 9 10 11 12 18 14 16 
Mois- Mois. Mois- Depth Depth Time Water 
Holes for ture ture ture Apparent of of Size of water Water Depth appli-
Date Crop Area soil sam- after before differ- specific root water stream appli- ap- ap- cation 
pies irr. irr. ence gravity zone stored used cation plied plied effic-
iency 
acre per-
acre!J no. percent percent percent inches inches c.l.s. hours inches inches cent 
Fann number 6 
8-. 8-38 Beans 2.28 2 21.6 18.2 3.4 1.41 36 1.7 5.6 2.5 14.0 6.1 28 
5-16-39 Grain 5.67 10 12.7 9.1 3.6 1.41 36 1.8 3.7 15.0 55.6 9.8 18 
6- 8-39 Grain 2.28 8 20.0 15.6 4.4 1.41 36 2.2 4.7 6.0 28.2 12.4 18 
6-12-39 Grain 8.87 9 24.2 17.5 6.7 1.41 36 3.4 4.7 16.1 75.7 8.5 40 ~ 7-27-39 Tomatoes 1.46 14-7 10.9 7.6 3.3 1.41 36 1.7 3.9 3.0 11.7 8.0 21 > 
9- 6-39 Tomatoes 1.46 8 8.1 1.41 36 7.0 27.3 18.7 22 
... 
15.1 7.0 4.1 3.9 t"l 
6-13-40 Peas 8.17 9 18.7 14.4 4.3 1.41 36 2.2 4.8 11.0 52.8 16.7 13 ~ 6-20-40 Potatoes 2.00 8 20.8 17.2 3.6 1.41 36 1.8 6.4 5.0 32.0 16.0 11 "C 
7- 9-40 Tomatoes 3.70 9 19.8 18.7 1.1 1.41 36 0.6 4.4 5.0 22.0 5.9 10 '"d t"' 
7-27-40 Potatoes 2.00 10 20.0 18.4 1.6 1.41 86 0.8 4.0 5.0 20.0 10.0 8 8 
8-13-40 Tomatoes 3.00 12 17.4 10.8 6.6 1.41 36 3.4 4.5 3.0 13.5 4.5 76 > .., 
8-22-40 Potatoes 2.00 12 22.4 17.8 4.6 1.41 36 2.3 4.5 2.5 11.2 5.6 41 <5 
8-28-40 Tomatoes 3.00 12 17.9 10.9 7.0 1.41 36 3.6 3.9 4.0 15.6 5.2 69 !z: 
7-27-38 Peas & new alf. 4.24 6 22.6 18.7 3.8 1.41 48 2.6 5.5 3.5 19.2 4.5 58 t::j 
"l 8- 8-38 Beets 2.68 2 23.5 18.0 5.5 1.41 48 3.7 5.6 4.5 25.2 9.4 39 '"oJ 
9- 2-38 IBeets 3.00 6 20.8 15.8 5.0 1.41 48 3.4 5.0 4.5 22.5 7.5 45 8 
9- 4-38 Alfalfa 5.00 6 22.0 17.2 4.8 1.41 60 4.1 5.8 6.5 37.7 7.5 55 t;l !z: 
8-19-39 Alfalfa 3.55 7 16.2 10.5 5.7 1.41 60 4.8 3.9 6.0 23.4 6.6 73 n >1 
F ann number 7 C/) d 6- 1-40 Peas 4.48 9 17.7 15.0 2.7 1.46 36 1.4 2.0 3.5 7.0 1.6 87 tl 
7-23-40 Corn 5.80 12 18.5 17.7 0.8 1.46 48 0.6 1.1 23.0 25.3 4.4 14 t;; fIJ 
8-22-39 Beets 7.76 16 18.9 17.3 1.6 1.46 48 1.1 2.9 16.0 46.4 6.0 18 
8- 4-40 Beets 2.00 12 20.7 18.5 2.2 1.46 48 1.5 1.1 9.0 9.9 4.9 31 
6-18-40 Corn 4.16 12 21.6 20.1 1.5 1.46 48 1.1 1.6 8.5 13.6 3.3 33 
8- "3-39 Beets 2.10 16 20.6 18.6 2.0 1.46 48 1.4 1.6 5.0 8.0 8.8 37 
9-17-40 Beets 2.00 12 23.3 19.8 3.5 1.46 48 2.5 1.1 11.0 12.1 6.0 42 
9- 9-40 Beets 2.00 9 24.6 20.1 4.5 1.46 48 3.2 1.8 4,.0 7.2 3.6 89 
8-22-40 Beets 2.00 12 22.6 18.9 3.7 1.46 48 2.6 1.1 5.0 5.5 2.8 93 
7-20-39 Alfalfa 4.12 7 19.0 18.1 0.9 1.46 60 0.8 2.9 5.5 15.9 3.9 21 
5- 8-40 Alfalfa 9.92 9 24.4 19.6 4.8 1.46 60 4.2 6.0 16.0 96.0 9.7 43 ,... <:0 
7-11-39 Alfalfa 5.80 12 18.1 15.8 2.3 1.46 60 2.0 3.1 7.0 21.7 3.7 54 
7- 9-40 Alfalfa 3.61 10 22.0 18.1 3.9 1.46 60 3.4 1.9 12.0 22.8 6.3 54 
6-25-39 Alfa fa 4.91 6 23.2 17.9 5.3 1.46 60 4.6 3.1 9.0 27.9 5.7 81 
S- 8-40 Alf,alfa 2.14 8 19.1 13.3 5.8 1.46 60 5.1 3.7 4.75 11.6 6.4 80 
Table 3a. Water-appLication-efficiency tests, Utah CO'Unty fa.rms (continued) t.:l 0 
fJ S /,. 5 6 8 9 10 11 12 19 14 15 
Mois- Mois. Mois- Depth Depth Time Water 
Holes for ture ture ture Apparent of of Size of water Water Depth appli-
Date Crop Area. soil sam- after before differ- specific root water stream appli- ap- ap- cation 
c::: pIes irr. irr. ence gravity zone stored used cation plied plied effic-
iency ~ 
acre per- ~ 
acres no. pe1'cent percent percent inches inches c.f.s. hours inches inches cent :> 
Farm number 8 0 ~ 
9-15-39 Potatoes 3.94 6 14.3 13.4 0.8 1.46 36 0.4 3.0 4.0 12.0 3.0 13 n d 
7-13-40 Potatoes 2.29 12 19.2 16.8 2.4 1.46 36 1.3 3.0 5.0 15.0 6.5 20 ~ 
6-17-40 Peas 2.35 8 14.8 12.1 2.7 1.46 36 1.4 3.0 5.0 15.0 6.4 22 d 
8- 6-38 Potatoes 1.63 2 18.5 16.7 2.2 1.46 36 1.2 3.0 2.5 7.5 4.6 26 ~ t-< 
8-29-40 Potatoes 2.09 12 17.1 15.3 1.8 1.46 36 0.9 2.0 3.0 6.0 2.9 31 t:r.l 6- 5-40 Peas 3.83 9 17.7 12.9 4.8 1.46 36 2.5 3.0 8.0 24.0 . 6.3 40 ~ 
6-29-40 Beans 2.61 9 16.5 12.5 4.0 1.46 36 2.3 3.0 5.0 15.0 5.7 40 "d toj 
{j-23-39 Grain 9.67 11 21.3 16.1 5.2 1.46 36 2.7 3.0 20.0 60.0 6.2 44 := 
7-21-40 Potatoes 2.09 9 18.2 15.6 2.6 1.46 36 1.3 2.0 3.0 6.0 2.9 45 ~ toj 
6-13-39 Grain 9.67 6-9 20.5 14.8 5.7 1.46 36 3.0 3.0 20.0 60.0 6.2 48 ~ 
8- 1-40 Potatoes 2.09 12 17.3 14.0 3.3 1.46 36 1.7 2.0 3.0 6.0 2.9 59 ~ 
7-15-40 Beans 2.61 12 17.4 13.0 4.4 1.46 36 2.3 3.0 3.0 9.0 3.5 66 U'J ~ 
8- 1-40 Beans 2.61 12 16.7 11.1 5.6 1.46 86 2.9 3.0 3.0 9.0 3.5 83 > j 
6-27-38 Peas } 0 Grain 11.19 6 15.5 13.3 2.2 1.46 48 1.5 3.0 24.0 72.0 6.4 23 ~ Beets 1:0 
7-18-39 Beets 2.54 8 15.7 14.2 1.5 1.46 48 1.1 3.0 3.0 9.0 3.lS 31 d ~ 
9-15-39 Beets 2.54 10 17.8 16.2 1.6 1.46 48 1.1 3.0 3.0 9.0 3.5 31 !;; 
8- 8-38 Beets 4.87 2 18.5 16.0 2.5 1.46 48 1.8 3.0 8.0 24.0 4.9 37 j 
7- 5-40 'Beets 4.18 9 19.1 17.1 2.0 1.46 48 1.4 3.0 4.0 12.0 2.9 48 ~ 
8-19-39 Beets 2.54 9 15.7 13.3 2.4 1.46 48 1.7 3.0 3.0 9.0 3.5 49 0:1 .... 
10- 3-40 Beets 4.18 12 20.0 15.5 4.5 1.46 48 3.2 3.0 6.0 18.0 4.3 74, .... 
9- 9-38 Beets 4.87 6 18.3 13.5 4.8 1.46 48 3.4 3.0 7.5 22.5 4.6 74 
9-10-40 Beets 4.18 12 21.0 18.3 2.7 1.46 48 1.9 (3.0 (2.0 9.2 2.2 86 
(0.9 (3.5 
7- 1-39 Alfalfa 2.16 8-7 16.1 12.7 3.4 1.46 60 3.0 2.5 4.0 10.0 4.6 65 
Table 3a. Wat er-application-efficiency tests, Utah County fa1"TnS (continued) 
!Z 3 4 5 6 7 8 9 10 11 lS 13, 14 15 
Mois- Mois. Mois- Depth Depth Time Water 
Holes for ture ture ture Apparent of of Size of water Water Depth appli-
Date Crop Area soil sam- after before differ- specific root water stream appJi- ap- ap- cation 
pIes irr. irr. ence ' gravity zone stored used cation plied plied effic-
iency 
acre per-
acres 'IW. percent percent percent inches inches c.t.s. hoUTS inches inches cent 
Fann number 9 
5-30-39 Grain 7.91 10 25.6 23.0 2.6 1.42 36 1.3 7.9 7.0 55.3 7.0 19 ~ 7-24-40 Beans 2.96 12 21.4 19.8 1.6 1.42 36 0.8 7.0 1.5 10.5 3.5 23 > 
5-13-39 Grain 7.91 7 25.2 22.0 3.2 1.42 36 1.6 8.0 6.5 52.0 6.6 24 ~ 
7-14-38 Beets 3.58 2 20.7 16.7 3.0 1.42 36 1.5 7.0 3.0 21.0 5.9 25 ;:: I 
7-14-40 Beans 2.96 12 23.0 21.0 2.0 1.42 36 1.0 5.5 2.0 11.0 3.7 27 > 
"tI 
8- 7-38 Beets 7.92 3 22.9 19.0 3.9 1.42 36 2.0 8.2 7.0 57.4 7.2 28 "tI t:" 
7-24-39 Beets 3.64 8 26.8 24.2 2.6 1.42 36 1.3 5.4 3.0 16.2 4.4 30 ri 
8-24-38 Beets 3.58 6 22.6 17.9 4.7 1.42 36 2.4 7.5 3.0 22.5 6.3 38 > j 6-18-39 Peas 2.00 8 29.1 24.7 4.4 1.42 36 2.2 8.9 1.3 11.6 5.8 38 0 
6-24-40 Peas 1.71 8 28.7 22.4- 6.3 1.42 36 3.2 7.6 1.8 13.7 8.0 40 ~ 
7- 9-39 Beans 3.04 7 26.6 24.1 2.5 1.42 36 1.3 4.8 2.0 9.6 3.2 41 t.:rj 
8-31-39 Beets 3.64- 8 28.7 21.9 6.8 1.42 36 3.5 7.4 4.0 29.6 8.1 43 "l "l 
9-24-40 Beets 4.48 12 30.1 25.0 5.1 1.42 36 2.6 4-.8 5.5 26.4 5.9 44 ri 
9- 3-40 Beets 4.48 12 29.3 23.1 6.2 1.42 36 3.2 7.5 4.0 30.0 6.7 48 ~ ~ 8- 3-40 Beets 4.48 12 29.1 23.2 5.9 1.42 36 3.0 6.7 4.0 26.8 5.9 51 n 
6-11-40 Beets 4.48 12 29.7 23.4 6.3 1.42 36 3.2 7.1 3.0 21.3 4.8 67 >< 
8-31-39 Beets 3.46 11 28.2 22.1 6.1 1.42 36 3.1 7.4 2.0 14.8 4.3 72 (FJ "'3 
7-29-39 Alfalfa 4.19 8 20.3 17.1 3.2 1.42 48 2.2 5.7 3.8 21.6 5.2 42 q S 8-10-39 Alfalfa 1.75 8 16.9 9.1 7.8 1.42 48 5.3 7.2 2.0 14.4 8.2 65 /'1 
fA 
Fann number 10 
5-16-40 Peas 13.34 6 21.7 18.7 3.0 1.53 36 1.7 2.8 39.0 110.8 6.3 27 
6-10-39 Grain 14-.00 9 20.1 16.4 3.7 1.53 36 2.0 2.9 20.0 58.0 4.1 49 
7-23-40 Beets 3.88 9 18.2 17.1 1.1 1.53 48 0.8 3.1 6.0 18.6 4.8 17 
8-23-40 Beets 3.88 12 18.1 13.8 4.3 1.53 48 . 3.2 3.7 8.0 29.6 7.6 42 
7- 7-40 Beets 3.88 12 17.7 14-.8 2.9 1.53 48 2.1 2.9 6.0 17.4 4.5 47 
8- 6-38 Beets 13.55 6 24.4 18.0 6.4 1.53 48 4.7 7.1 15.0 106.5 7.9 60 
6-17-40 Beets 3.88 19 19.3 14.7 4.6 1.53 48 3.4 4.0 5.0 20.0 5.2 65 ~ 10- 6-38 Beets 13.55 4 20.5 15.4 5.1 1.53 48 3.7 4.5 16.0 72.0 5.3 70 
10- 5-40 Beets 3.88 12 19.7 13.6 6.1 1.53 48 4.5 3.0 8.0 24.0 6.2 73 
~ 
Table 3a. rVater-applicatimlrefficiency test8, Utah County farms (continued) 
, 4 5 6 8 9 10 11 H 1~ 1/' 16 e 
Mois- Mois. Mois- Depth Depth Time Water 0-3 :.-Holes for ture t u re ture Apparent of of Size of water Water Depth appli- il: Date Cro, Area soil sam- after before differ- specific root water stream appli- ap- ap- cation 
pIes irr. irr. ence gravity zone stored used cation plied plied effic- > iency ~ 
aC'I'e per- n 
aC1'es no. pe1'cent pe1'cent percent inches inches c.f.s. hou1's inches inches cent ~ ~ 
~ 
Farm number 11 := > 
8-14-39 Grain 1.76 18 19.2 15.5 3.7 1.57 24 1.4 0.45 36.0 16.2 9.2 15 t" 
10-12-38 Potatoes 0.96 7 16.1 13.1 3.0 1.57 24 1.1 0.65 10.0 6.5 6.7 16 tr:l I>< 
7-20-39 Fallow 3.91 12 25.1 21.1 4.0 1.57 24 1.5 0.46 72.0 3Rl 8.5 18 "tl t"l 
6-18-39 Alfalfa 0.64 9 20.1 13.1 7.0 1.57 36 4.0 0.47 12.0 5.6 8.8 45 e 
!;;< 
t;; 
F a rm number 12 2: 
103 
8-29-38 Beets 5.07 6 19.6 18.0 1.6 1.33 36 0.8 7.7 3.5 27.0 5.3 15 CJ) >'l 
9- 5-38 Beets 5.07 6 26.0 20.8 5.2 1.33 36 2.5 6.2 3.0 18.6 3.7 68 > 
6- 6-39 Grain 4.72 9 27.0 25.0 2.0 1.33 36 1.0 6.9 6.0 41.4 8.8 9 tj 0 
7- 3-39 Barley 5.07 8 27.1 21.0 6.1 1.33 36 2.9 7.9 2.5 19.8 3.9 74 2: 
7-26-39 Beets 7.35 20 27.1 25.8 1.3 1.33 36 0.6 8.3 5.0 41.5 5.6 11 0; 
6-19-40 Beets 7.35 12 26.0 21.5 4.5 1.33 86 2.2 8.9 4.0 35.6 4.8 46 ~ t"' 
6-29-40 Beans 4.72 12 25.1 22.1 3.0 1.33 36 1.4 8.4 2.5 21.0 4.4 32 !;; 
7-23-40 Beans 4.72 12 26.2 22.7 3.5 1.33 36 1.7 6.7 2.8 18.8 4.0 48 tj 
8-11-40 Beans 4.72 12 24.4 21.2 3.2 1.33 36 1.5 8.3 2.5 20.8 4.4 34 Z 
8-29-40 Beets 7.35 12 26.0 21.4 4.6 1.33 36 2.2 7.5 6.0 45.0 6.1 36 ~ ~ 
8-18-39 Alfalfa 4.24 13-18 23.4 18.9 4.5 1.33 48 2.9 4.8 3.0 14.4 3.4 85 .. 
5-20-40 Alfalfa 8.03 9 25.9 19.2 6.7 1.33 48 4.3 8.2 7.5 61.5 7.6 lS7 
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Table 3b. Bwrwmary of 1'esults of water-application-efficiency measurem ent, 
U ta.h Oounty farms 
Class 
I 
II 
III 
Farm 
number 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Assumed 
depth 
of crop 
root zone 
inches 
36 
48 
60 
All tests 
36 
60 
All tests 
36 
48 
60 
All tests 
36 
48 
60 
All tests 
36 
48 
60 
All tests 
36 
48 
60 
All tests 
36 
48 . 
60 
All tests 
36 
48 
All tests 
36 
48 
All tests 
24 
36 
All tests 
36 
48 
All tests 
Number of water-
application-
effi ciency 
mea -urements 
12 
2 
3 
17 
4 
5 
9 
4 
3 
6 
13 
1 
3 
2 
6 
13 
3 
2 
18 
1 
8 
6 
15 
13 
9 
1 
23 
17 
2 
19 
2 
7 
9 
3 
1 
4 
10 
' 2 
12 
5 8 
Range Average 
of water All . Land 
class e:tficien- application tests 
cies efficiency avg. a vg. 
15-60 
32-34 
17-40 
15-60 
6-27 
21-64 
6-64 
18-74 
14-38 
27-92 
14-92 
35 
21-60 
52-57 
21-60 
8-76 
39-58 
55-73 
8-76 
87 
14-93 
21-80 
14-93 
13-83 
23-86 
65 
13-86 
19-72 
42-65 
19-72 
27-49 
17-73 
17-73 
15-18 
45 
15-45 
9-74 
57-85 
. 9-85 
per cent pe1'cent percent 
31 
33 
25 
30 
20 
50 38 
40 
28 
60 
35 
35 
55 
29 
47 
64 
87 
37 ' 
46 
41 
36 
45 44 
56 
41 
50 
65 
39 
54 
38 
53 
16 
45 
37 
71 
51 
46 
40 
50 
24 
43 
combination of these factors. If the owner of this farm would more 
carefully l'egulate his irrigation so that the water would run over 
the land more rapidly, and then turn it off before an appreciable 
amount of surface runoff has occurred, his application of water could 
be made much more efficient at a nominal cost. 
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Farm 3. This farm is located on the bench at the mouth of 
Spanish Fork Canyon. The soil is classed as Hyrum clay loam, except 
for a strip of Santaquin sandy loam about 900 feet wide running 
across the center from north to south. The irrigation stream obtained 
from Spanish Fork River ranges from 6 to 12 cubic feet per second. 
Even with this large stream, there is considerable water lost through 
deep percolation. The slope of the farm in the direction of the 
water flow is small-usually less than 1 per cent-causing the water 
to flow slowly over the land, and to pond in some low areas. An 
excessive amount of water is applied early in ' the season. The crops 
r equire but little late-season water, and consequently, the total 
seasonal use is not excessive. The irrigation stream is measured with 
a permanent Calco metergate. 
Scale in feet 
o 300 
Farm 3--Spanish Fork, Utah County, contour interval 1 foot, total a rea 38.7 
acres, cropped area 38.0 acres 
As shown in tables 3a and ab a total of 9 tests was made on 
this farm. The average water-application efficiency was 37 percent. 
Four efficiency tests were made for shallow-rooted crops having an 
assumed root zone depth of 36 inches, and 5 tests were made on 
deep-rooted crops with a root zone depth of 60 inches. An average 
depth of 9.4 inches of irrigation water was applied to the shallow-root-
ed crops compared to an average depth of 6.7 inches to the deep-
rooted crops. The average water-application efficiency for the shallow-
rooted crops was 20 percent, whereas the average for the deep-rooted 
crops was 50 percent. 
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Of the 6 water applications showing efficiencies of less than 
50 percent, 2 were wasteful because of excessive application of water, 
2 because the soil was irrigated while relatively moist, and 2 because 
of a combination of uneven distribution and the resulting excessive 
application of the water. 
The irrigation system on this farm makes it quite difficult to dis·· 
tribute the water evenly and to regulate it to prevent excessive ap-
plication. This results from the differ ences in the length of run 
of the water, which vary from 200 feet to 700 feet. The main supply 
lateral has been in use for many year. As a r esult deposition of 
considerable amount of sediment near this ditch and a rise in elevation 
of the ditch have occurred. If the old ditches on this farm were 
leveled, a more efficient distribution system could be planned and 
constructed. The water could then be more efficiently applied. 
F,arm 4. This farm is located 
on the Orem bench, northwest of 
Provo. The soil is classed as an 
Hyrum gravelly loam, and has good 
natural drainage. Irrigation water is 
provided by the North Union Canal, 
and the supply holds up r easonably 
well throughout the season. The 
stream was measured with a port-
able metal Cipoletti weir having an 
I8-inch crest. The maximum slope 
in the direction of water flow is ap-
proximately 1 p ercent and on most of 
the farm it is much less than 1 per-
cent. The length of run in some 
cases is 600 feet. 
Thirteen measurements of water-
application efficiency were made on 
this farm, showing an average effi-
ciency of 46 p ercent. The summary 
of these tests presented in table 3b 
show that lowest efficiencies were at-
tained in the crops of medium root 
zone depths. Eight of the 13 meas-
urements gave · efficiencies below 50 
percent as shown in table 3a; of 
these; 4 were caused by excessive 
application of water .. 2 by unequal 
Scale in feet 
o 200 430 
F arm 4- 0rem, Utah County, con-
tour interval Y2 foot, total area 
19.0 acres, cropped area 17.2 acres 
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distribution of the water over the soil, 1 by irrigating while the soil 
was relatively wet, and 1 by a combination of these factors . 
M ore cross ditches to cut down the lengths of run, and more 
car eful regulation to prevent water from ponding in the low spots 
would increase the efficiency in the application on thi farm. 
Summary For Utah County .Farms On Class I Land: Thirty-
nine water-application-efficiency tests on the farm of class I soils 
resulted in an average efficiency of 38 p rc nt. Thirty of the tests, 
or 77 p ercent, re ult d in an average efficiency of Ie than 50 p er-
-cent. 
The dominant factors contributing to low water-application ef-
ficiencies in these 30 irrigation are : exces i,-e applications, 14; un-
even di tribution of water over the land. 7; xce s iye moisture con-
tent of the soil before irrigation, 5; and combination of the e three 
factors in 4 irrigation. It is of course important to note that many 
factors influence the r e ulting efficien cie in every irrigation. ~ e, er-
theless, it is significant that certain factor are dominant, and to these 
factor s particular attention should be given. 
Utah Gounty Class II Farm Lands 
Since class II farm are located on oils which are of finer t exture 
and of greater depths and lower p ermeability than cla s I soils, more 
efficient application of water is ordinarily attained. 
Farm 5. The soil of this farm, located we t of Springville, is a 
Redrock sandy loam with a strip of Logan lay loam acro th we t 
o ;:>1)() 400 
Farm 5- Springville, U t ah County, contour inten al 1 foot, total area 24.8 
acres, cropped area 23.3 acres 
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end. The water table, which ranges from 8 to 10 f eet below the surface 
is controlled by a tile drain running from north to south through the 
farm' and controlled by the Springville-Mapleton Drainage District. 
Hobble Creek is the SOUl'C of the irrigation water and the supply holds 
up fairly well throughout the season. The il'rjo'ation stream was meas-
ured by the use of a current meter or a portable Cipoletti weir having 
an 18-inch crest. 
The slope is 14 feet in 1,300 or just a little more than 1 percent. 
Only 6 water-application-efficiency mea urements were made on 
this farm, the results of which show an average efficiency of 41 percent. 
The higher efficiencies were usually attained with the deeper-rooted 
crops as shown in table 3b, Three of the 6 t sts were below 50 per-
cent, 2 of these resulted from excessive application of water and 1 
from irrigating while the soil was r elatively moi t. Irrigation runs 
shorter than the 650 feet used during the tests and more careful atten-
tion to proper distribution of the water would increase the water-
application efficiencies. • 
Farm 6. This farm i located at :Mapleton and has rather irregu-
lar topography. There is a ridge running through the farm from north 
to south making it necessary for the irrigation water to run both east 
and west from the farm lateral along the top of this ridge. The slope 
toward the east is less than one-half percent whereas toward the west 
it exceeds 1 percent. . 
The soil along the ridge i Santaquin grav lly loam for a width of 
about 300 feet 'with a Taylor "ille clay loam on the east and a Santa-
quin fine sandy loam on the we t. 
Irrigation water is provided by the Mapleton Irrigation Company 
canal which obtains its water supply partly from Hobble Creek and 
partly from the Strawberry R eservoir. During the earJy part of the 
season Hobble Creek furni hes the maj or part of the water but later 
when the natural stream flow is low, it is necessary to supplement it 
with stored water fl'om the Strawberry proj ect. The stream delivered 
to the farm was usually about 5 cubic feet per second. There was little 
runoff. The farm was irrigated frequently-at intervals of 8 to 10 
days during midsummer. 
Because of the flat slope of the lateral running onto the farm, it 
was impractical to measure the watel~ by the use of a weir; there'fore, 
a current meter was used. 
The summary of the 18 measurements of water-application effici;-
ency made on this farm pre ented in table 3b shows the average for the 
entire group to be 36 percent. The efficiencies range from 8 to 76 
percent, with effici encies in the deeper-rooted crops being usually 
higher than for the shallow-rooted ones. Thirteen of the measurements 
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showed results of less than 50 percent efficiency. Of these, 7 resulted 
from application of excessive amounts of water, 2 from irrigation of the 
soil while still relatively wet, and 4 from a combination of these two 
causes. - Regulation of the water to get it over the land more quickly 
would result in higher water-application efficiencies. 
Scale in feet 
o 300 600 
Farm 6-Mapleton, Utah County, contour interval 1 foot, total area 47.7 
acres, cropped area 44.0 acres 
Farm 7. This farm is located at Manilla on the bench land east 
of American Fork. The soil is classed as a Parley clay loam. The 
land slope in the direction of water flow is from 2 to 3 percent. The 
sources of water are the Pleasant Grove Irrigation Company and the 
Provo Reservoir Canal Company. Water deliveries by each of these 
companies are low toward the end of the irrigation season, necessitating 
the planting of those crops which do not require much late-season 
water. The irrigation stream was measured with a permanent 3-foot 
Cipoletti weir set in the lateral at the head of the farm. 
The 15 tests on this farm showed an average water-application 
efficiency of 51 percent; the range being from 14 to 93 percent. Only 
one test was made in the 36-inch root zone group which showed the 
unusually high result of 87 percent efficiency. Other tests gave a 
higher average efficiency in the 60-inch root zone than in the 48-inch 
zone as shown in table 3b. 
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Scale in feet 
o 200 
F arm 7-M an ill a, Utah County, contour interval 1 foot, total area 36.2 acres, 
cropped area 34.3 acres 
Of the 15 measurements made, the results of 8 were below 50 
percent efficiency. Uneven distribution of the water over the land 
was the main contributing cause of these low efficiencies in 6 of the 
8 measurements. For the other 2 measurements showing less than 50 
percent efficiency, excessive application of water and irrigation while 
the soil was relatively moist were the maj or causes of low efficiency. 
Two measurements giving r esults of 54 percent efficiency indicated 
that if more even distribution had been made over the land surface, 
higher efficiencies would have resulted. 
If this farmer were to smooth the surface of his land in some 
places and design his irrigation system so as to irrigate on a slope 
of 1 percent rather than on the maximum slope of 2 to :3 percent, he 
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300 600 
Farm 8- Salem, Utah County, contour 
interval 2Y2 feet, total area 53.8 acres, 
cropped area 48.2 acres 
could grea tly reduce losses of 
water by uneven distribution , 
and thereby increase his water-
application efficiencies . 
Farm 8. This farm is locat-
ed ea t of Salem. The soil 
varies from Timpanogos clay 
loam, sloping phase, at the 
southeast corner to a rich San-
taquin loam in the center of the 
field and on to the north. The 
slope varies somewhat uniform-
ly and ranges from less than 1 
percent to more than 10 p er-
cent. Water is provided from 
the Strawberry Highline Canal. 
During the early part of the 
season, while prior rights to di-
r ect flow do not claim all of the 
river discharge, this canal uses 
natural flow or "free" water 
from the Spanish Fork River. 
As soon as the prior rights claim all of the natural river flow, stored 
water from the Strawberry Reservoir is used. Each water user served 
by the canal company is allowed a proportionate share of this natural 
flow water if he requests it. However, during the time this study was 
carried on, the r elative amount of the so-called "free" water used on 
this farm was negligible. 
Small streams of water were delivered and the "call system" of 
delivery was used on the canal. Approximately 3 cubic feet per second 
for a 24 to 28 hour turn every 10 to 12 days were used on this farm. 
Good care was taken of the stream and but little loss occurred from 
surface runoff. 
A total of 23 water-application-efficiency measurements were 
made on this farm with a range of efficiencies from 13 to 86 percent 
with an average of 46 percent. The higher efficiencie were usually 
obtained with the deeper-r'ooted crops. 
Of the 23 t est made, 16 showed r esulting efficiencies of less than 
50 percent, as indicated in table 3a. Ordinarily the owner of this 
farm does not apply water in excess of the amount required to :fill the 
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root zone to its capacity-his main loss is caused by uheyen distribu-
tion of the water over the land surface. This is owing Ipainly to the 
difficulty of controlling the water, since the larger portion of the farm 
has a heavy slope. T en of the lower effici encies were caused largely 
by uneven distribution of the water , wherea the other 6 wer e a result 
either of irrigating while the soil was l' latively moist, or of applying 
water slightly in excess of the amount needed. 
This farmer hould change hi irrigation y t ern, layin O' out hi 
furrows in a different direction on flatter slopes, and also using corru-
gations for the crops which he now irrigate by the floodin o' method. 
H e 'would tlm obtain higher fficiency in the application of his irri-
gation water. 
Farm 9. On thi farm, loca ted at Lake hore, the land lope ', for 
the mo t part, are less than 1 p ercent. The farm is irrigated with 
water conveyed by the Lakeshore Irrigation Compan} which diverts 
water from the natural flow of the Spanish Fork River and al 0 from 
the Strawberry R eservoir. 
o 300 600 
Farm 9- Lakeshore, U tah County, contour inter val I foot, t ot al a rea 43.0 
acres, cropped a rea 42.2 acres 
The soil consist s of a Redrock sandy loa m in the ea t part and 
an Airport clay in the west part. The ground-water table a, erage 
from 8 to 12 feet below the surface during most of the irrigation 
season, although on the lower part of the farm it is closer to the 
surface part of the time. 
The farm is irrigated on the average of every 17 day 1 and uses 
a stream of about 6 ·cubic feet per second. The stream was measured 
by the use of a current meter or by use of a staff gauge and circular 
metal culvert which carries the water under the road near the fal'm 
and which was calibrated by use of the current meter. 
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The lengths of run were usually not over 750 feet , and good care 
was taken of the water, thus preventing waste by surface runoff. 
Nineteen water-application-efficiency measurements were made 
showing an -average of 40 percent, and a range of from 19 to 72 per-
cent. 
Seventeen of the measurements were made for the shallow-rooted 
crops and 2 in alfalfa, which showed relatively high efficiencies. Fif-
teen of the 19 measurements showed efficiencies of less than 50 per-
cent. Three of these were caused by an excessive application of water, 
9 r esulted from irrigating while the soil was relatively moist, and 3 
were largely the result of uneven distribution of the water over the 
land. Since there is some contribution of water from ground-water 
sources, esp ecially to the deep er-rooted crops on the lower end of 
the farm, less water is required to bring the soil root zone moisture 
content to its maximum field capacity and it is necessary only to apply 
enough water to bring the upper 2 or 3 feet of soil -to field-water 
capacity, since the upward movement of water by capillarity probably 
contributes considerable water to the lower reaches of the root zone, 
thus decreasing the amount of surface irrigation water required. 
The major pl'oblem which the owner of this farm must solve in 
order to increase his water-application efficiencies is to find how to 
spread the water over the surface of his soil without contributing to 
the ground-water. However , the leaching effects of the water on alkali 
accumulation may justify, in part, the low efficiencies in water ap-
plication. The average depth of water applied in one irrigation was 
5.8 inches for the 19 irrigations for which efficiencies were measured, 
and this is well below the average for class II farms, whereas the 
average efficiency is higher than on most farms of this class. 
Farm 10. The slopes on this farm, located south of Mapleton, 
range from 0. 6 to 0.7 percent. The soil is largely Taylor ville clay 
loam, underlain by a white day. Only two crops, alfalfa and sugar 
beet s, were produced during 1938 . 
Water is furnished jointly by two -companies-East Bench Canal 
Company and Mapleton Irrigation Company . The Spanish Fork E ast 
Bench Canal Company usually conveys streams of about 10 cubic feet 
per second in its canals, and in the early spring, while the river is high, 
often from 8 to 10 cubic feet per second r each the farm laterals. 
During the period of high water, and while the laterals leading to the 
farm are free from weeds and grass, water is obtained from this 
company. Later on in the season when vegetation partially fills these 
small-slope low velocity ditches, water for this farm is taken from 
the Mapleton Irrigation Company whose chief source of supply during 
the later part of the year is Strawberry Reservoir. 
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Because of the low perme-
ability of the soil, water is 
run the full length of the 
field, nearly 950 feet, with 
no cross ditches in either the 
sugar beet furrows or the al-
falfa strips. The soil holds 
the moisture very welL 
Nine measurements of wa-
ter-application efficiency on 
this farm showed a range 
from 17 to 73 percent with 
an average of 50 percent. 
Five of the nine tests gave 
efficiencies of less than 50 
percent. One was the result ' 
of an excessive application 
of water, 3 w~re caused by 
irrigating while the soil was 
relatively moist, and 1 was 
caused by uneven distribu-
tion of the water over the 
o 200 400 
Farm 10- Mapleton, Utah County, contour 
interval 1 foot, total a rea 28.1 acres, crop-
ped. a rea 27.0 acres 
land surface. This farmer 's practices together with favorable slopes 
and soil conditions result in average efficiencies higher than are ob-
tained on most farms. 
Summary For Utah County Farms On Class n Lands: Ninety 
water-application-efficiency t ests on 6 farms on class II lands gave 
an average of 44 percent. In 60 of these t ests, or 67 percent of the 
total, the water-application efficiency was les than 50 percent. The 
dominant factors contributing to low water-application efficiencies in 
these 60 irrigations are: uneven distribution of "ater on the land, 20; 
high moisture content before irrigation, 15; xcessive depth of water 
applied, 13; and a combination of high moisture content and excessive 
depth, 12. 
Utah County Class m Farm Lands 
Since the ground-water table is close to the land surface on cla s 
III farm lands, in many cases it was impossible to differentiate be-
tween the moisture stored in the soil from a surface in-igation and 
the moisture which flows upward from the o-round-water as a result 
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of capillary forces. The r es ults of water-application-eft'iciency tests 
on farms 11 and 12 seem to be in harmony with field observations and 
are believed to be quite reliable. R esults for both of these farms are 
reported herein. Because of the difficulty in differentiating the 
sources of soil moisture, as above pointed out, it is doubtful if the 
results obtained on farms 13 and 14 are significant. Details of these 
results are, therefore, not r eported. 
/6----' 
Scale in teet 
o 150 
Farm ll-Lehi, Utah County, con-
tour interval 1 foot, total area 
13.8 acres, cropped area 13.2 acres 
Farm 11. This farm, located at 
L ehi , has slopes from 0.5 to 0.8 per-
cent and is similar to farm 13 which 
is n earby. The water table is from 
3 to 4 feet from the ground surface 
throughout the sea on; thouo'h not 
quite as shallow as on farm 13. In 
spite of the distinct similarity be-
tween the two farm s, the amount of 
irrigation water applied per ~cr e on 
farm II was greatly in excess of that 
applied on farm 13. Apparently 
much of the water applied percolates 
into the o'!'ol1l1d-water. 
The soil on this farm is classed as 
a :McBeth clay loam and is underlain 
by a coarse sand at a depth of ap-
proximately 4 feet. 
Irrigation water is supplied by 
several artesian wells, the largest of 
which yields approximately one-
fourth cubic foot per second. The 
wells ~re oischarg: 0 into a small res-
ervoir lo ~at['d on the farm which is 
emptied each day when used during 
the irrigation season. 
Only four water-application-effici-
ency tests were made. These tests 
show a range of 15 to 45 percent 
with an average efficiency of 24 per-
cent. At every measurement, the 
excessive application of water was 
definitely the cause of the low effi-
ciency - as much as 9.2 inches 
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depth of water being applied in one case, even though the root zone 
was only 24 inches deep because of the high ground-water table. The 
excessive depths of water applied are the result of improper regulation 
and control of the water used. If the farm owner would apply water 
to his land without spreading it so far-that is, run it over the land 
more quickly, and turn it off when it has run through the furrows, or 
over the land, much more efficient application could be obtained. 
Farm 12. This farm is located at Palmyra (west of Spanish 
Fork) and has slopes from 0.5 to 0.6 percent. Water is. obtained from 
the Spanish Fork West Field Canal. The soil ranges ftom a Taylors-
ville sandy loam on the south to a silty clay loam on the north, except 
that west of the road is Redrock clay loam. At the east side of the farm 
the ground-water i's from 8 to 10 feet below the land surface, while at 
the west side, it is only from 2 to 4 feet during most of the summer. 
Farm 12- Pa]myra, Utah County, contour interval I foot, total area 40.2 
acres, cropped area 37.4 acres 
Relatively large streams of water are used throughout the year; 
up to 10 cubic feet per second at the beginning of the season and 
6 to 7 cubic feet per second during the later part of the year. The 
soil holds the water fairly well and frequent applications are not 
necessary. The farm laterals have a slight slope, and it was imprac-
ticable to measure with a portable weir, therefore a current meter was 
used for all measurements. 
Twelve water-application-efficiency measurements were made on 
this farm with a resulting average of 43 percent and a range from 9 
to 85 percent. 
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Of the 12 measurements) 8 gaye results of less than 50 percent 
as shown in table 3a. The ·9-percent efficiency resulted from a test 
made in the spring of the year when the water supply wa abundant 
and water was applied heavily even though the moisture content of 
the soil was already equal to the field-water capacity. This same prac-
tice) perhaps in modified form) was the cause of the majority of the 
low efficiencies. In 9 of the 12 t ests the moisture content before irri-
gation was more than four-fifths of the field-water capacity. 
The method of distribution used by the irrigation company serving 
this farmer is one factor in the low water-application efficiencies) since 
the water is used by each successive irrigator as it comes down the 
canal) and if the farmer does not use the water when his turn comes 
he must wait another 10 to 14 days before it r eturns. The result is 
that often the farmers irrigate before their crops are actually in need 
of the water and thereby obtain low efficiencies . 
Summary For Utah County Farms On Class ITI Lands: Six-
teen water-application-efficiency t ests on 2 farms on class III lands 
gave an average of 34 percent. In 12 of these t ests) or 75 percent of 
the total) the water-application efficiency was less than 50 percent. 
The major factors contributing to low water-application efficiencies 
on class III farms are: excessive depths of water applied at each 
irrigation) spreading the water too far) and irrigating when the soil 
has considerable moisture and does not need irrigation. 
Because of the high water table and shallow depth of soils above 
the water table it was found impractical to measure water-application 
efficiencies on 2 of the 4 farms on class III lands. 
Salt Lake County Classes I and II Farm Lands 
Farm 17. This farm is lo-
cated on bench land in the 
southeast part of the valley 
near East Crescent. The soil 
is a '" asatch course sandy 
loam with low water-holding 
capacity composed largely of 
I granite material (table 4a). 
Irrigation water is obtained 
from the Draper Irrigation 
Company canal. The maj or 
600 cause of low water-application 
Farm 17- Salt Lake County, contour efficiency for the 5 measure-
interval 2 feet, total area 27.0 acres, 
cropped area 25.5 acres ments r eported in table 4a 
T able "'<t. lVate1'-app/'ication-ejJicienc,!} tests, Salt Lakt3 County fann s 
2 ~. S 4 5 8 9 10 11 1! 13 14 15 
Mois- Mois. Mois- Depth Depth Time Water 
Holes for ture ture ture Apparent of of . Size of water Water Depth appli-
Date Crop Area soil sam- a fter before differ- specific root water stream appli- ap- ap- cation 
pies irr. irr. ence gravity zone stored used cation plied plied effic-
iency 
aC1'e per- ~ acres no. pe1'cent percent percent inches inches c,f.s. hours inches inches cent > ~ 
Farm number 17 :::: > 
5-21-41 Grain 3.6 12 12.3 9.3 3.0 1.74 36 1.88 4.0 12.0 48.0 13.3 14 "C "d 
6- 6-41 Grain 3.5 12 12.3 8.7 3.6 1.74 36 2.26 4.2 9.5 39.9 11.4 20 C 
6-14-41 Peas 3.7 16 11.4 9.5 1.9 1.74 36 1.19 6.9 12.0 82.8 22.4 5 C'l > 
6-20~41 Grain 1.9 12 13.2 11.3 1.9 1.74 36 1.19 4.2 16.0 67.2 35.4 3 
.., 
0 
8- 5-41 Alfa lfa 4.9 8 10.3 8.4 1.9 1.74 60 1.98 1.5 12.0 18.0 3.7 54 ~ 
~ 
Fann number 18 "Ij 
"Ij 
7-10-41 Alfalfa 2.5 8 21.0 18.1 2.9 1.45 60 2.52 3.3 10.0 33.0 13.2 19 8 ~ 
7-18-41 Alfalfa 8.65 12 23.2 22.1 1.1 1.45 60 0.96 2.25 29.0 65.2 7.5 13 ~ 
7-19-41 Alfalfa 5.0 12 21.8 20.8 1.0 1.45 60 0.87 2.25 20.5 46.1 9.2 9 C'l ~ 
8-22-41 Alfalfa 3.5 5 19.4 10.6 8.8 1.45 60 7.66 2.64 34.0 89.8 25.6 30 en 
..; 
c 
Farm number 19 t::l E 
5-23-41 Grain 5.7 8 21.4 14.4 7.0 1.44 36 3.63 4.45 7.5 33.4 5.9 62 
6-22-41 Grain 2.7 16 18.0 14.0 4.0 1.44 36 2.03 3.85 4.0 15.4 5.7 35 
8- 6-41 Alfalfa 12.7 9 18.7 16.6 2.1 1.44 60 1.81 6.4 5.0 32.0 2.5 72 
8-27-41 A lfalfa 1.55 8 18.S 13.0 5.8 1.44 60 5.01 3.2 2.2 7.2 4.6 10S* 
9- 4-41 Alfalfa 12.7 12 20.6 lS.l 2.5 1.44 60 2.16 3.95 11.0 43.4 3.4 63 
*Not included in averages of table 3b and fig. 4b. 
C» 
~ 
~ 
Table 4a. Water-application-efficiency tests, Salt Lake Oounty fa1'ms (continued) 00 
~ 3 4 5 8 9 10 11 1 ~ 13 14 15 
Mois- Mois. Mois- Depth Depth Time Water 
Holes for ture ture ture Apparent of of Size of water W a ter Depth appli- c: Date Crop Area soil sarn- a fter before differ- speci fic root water stream appli- ap- ap- cation .., 
pIes itT. irr .. ence g ravity zone stored used cation plied plied effic- > 
iency ~ 
acre per- > acres no. percent pe1'cent pe1'cent inches inches C.t • .'I. hotl,r.q inches inches ren t 0 
~ 
Farm number 21 () Cl . 
61.5 26 ~ 6- 3-41 Peas 4.0 12 24.3 16.9 7.4 1.5 36 4.00 6.1 10.0 15.4 Cl 
6-29-41 Beets 17.1 20 23.7 19.2 4.5 1.5 48 3.24 2.0 80.0 16.0 9.3 35 ~ 
7- 9-41 Alfalfa 7.45 16 24.1 22.0 2.1 1.5 60 1.89 1.8 18.0 34.4 4.6 41 t" 
8-13-41 Y. alfalfa 4.6 9 23.4 19.3 4.1 1.5 36 2.21 2.2 36.0 79.2 17.2 13 tzj ~ 
"d 
toj 
Farm number 22 ~ ~ 
5-22-41 Alfalfa 7.5 9 17.8 14.5 3.3 1.62 60 3.21 4.3 14.0 60.2 8.0 40 
toj 
Z 
5-30-41 Alfalfa 7.9 9 17.8 13.8 4.0 1.62 60 3.89 5.1 6.0 30.6 3.9 104* .., 
6-21-41 Alfalfa 7.5 13 14.9 13.7 1.2 1.62 60 1.17 4.85 20.0 97.0 12.9 11 en 
6-28-41 Beets 8.0 12 17.2 13.8 3.4 1.62 48 2.65 3.6 10.0 36.0 4.5 59 ~ 
6-28-41 Beets 5.6 9 16.8 15.0 1.8 1.62 48 1.40 3.6 7.0 25.2 4.5 31 :j 0 
7-31-41 Beets 5.6 9 18.0 13.4 4.6 1.62 48 3.58 3.0 12.0 36.0 6.4 56 ~ 
8-12-41 Beets 3.35 6 15.7 12.5 3.2 1.62 48 2.49 4.4 5.0 22.0 6.6 as to 
~ 
Farm nllmher 23 ~ 
:j 
5-20-41 Grain 5.15 9 19.9 13.8 6.1 1.60 36 3.51 5.3 14.5 76.8 14.9 24 ~ 
5-28-41 Grain 7.15 20 16.9 9.5 7.4 1.60 36 4.26 5.7 26.0 148.3 20.7 21 ~ 
...... 
6-28-41 Alfalfa 8.85 8 19.4 15.0 4 .. 4 1.60 60 4.22 4.8 23.0 llO.5 12.5 ~4 ...... 
8-14-41 Alfalfa 't: 6.8 24, 13.5 8.7 4.8 1.60 60 4.61 4.15 10.5 43.6 6.4 72 
9- 5-41 Alfalfa 7.5 12 19.7 15.5 4.2 1.60 60 4.03 3.24 13.0 42.1 5.6 72 
'9- 5-41 Alfalfa 4.95 12 15.2 11.4 3.8 1.60 60 3.65 3.24 4.3 13.9 2.8 130* 
*Not included in averap:es of tahle '~b and fi g. 5b. 
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was over-application. In one case as much as 35 inches depth was 
applied when not more than 5 inches could possibly be r etained. 
Four of the t ests on crops with a 36-inch root zone and having 
an average of 21 inches depth of water applied gave a resulting 
average efficiency of only II p ercent. With an application of 3.7 
inches of water to a 60-inch root zone the efficiency was 54 percent. 
The average water-application efficiency for the 5 measurements was 
19 p er cent. The lengths of irrigation run were n~t xcessive) nor did 
the ground ha, e excessive slope. Field observation led to the conclu-
sion that the irrigation water was allowed to run too long and hence 
considerable runoff and deep p ercolation occurred. 
The major recommendation for increasing the efficiency of water 
application is for the irrigator to give closer personal attention to 
irrigation, making more frequent change of the water from one place 
in the field to another ) and in this way reducing the amount of water 
applied. 
Farm 18 . . The soil of this farm at West Jordan varies consider-
ably . That on the outh half of the 
farm i Taylor ville silty clay loam 
and that on the northern half Tay-
lorsville loam. The oil has a high 
water-holding capacity . 
The irrigation water is obtained 
from the Utah and Salt Lake Canal, 
and is measured with a Parshall 
flume. All of the 4 water-applica-
tion efficiency t es ts wer e made on al-
falfa with an assumed root zone of 
60 inches ( table 4a ) . The water-
application efficiency ranged from 9 
to 30 p ercent ~tlh an average of 18 
p er cent. The two major causes of 
low effici ency were excessive appli-
cations of water during a single ir-
rigation) and a high moisture content 
before irrigation. For the 4 measure-
ments, an average of 14 inches depth 
of water was applied when not more I 
than 5 inches could possibly be r e-
tained in the root zone. For 3 of the 
measurements the soil was so wet 
before irrigation that it would hold 
o 300 600 
Farm IS-West Jordan, Salt Lake 
County, contour interval 2 feet, 
total area 46.3 acres, cropped area 
-1.5.2 acres 
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not more than 3 inches additional water. The efficiency of alfalfa 
irrigation on the farm can be decidedly increased by r educing both 
th e frequency of irrigation and the amount of water applied in each 
in·jgation. 
Farm 19. This farm, at TaylOl'sville, has Welby fine sandy loam 
and vVelby loam soils. The southwest corner is composed of Welby 
loam oil while the remainder is V\ elby fine sandy loam. The water-
holding capacity of the soil is high. 
Supply lateralv 
• 0 300 600 
F arm 19- Taylorsville, Salt Lake County, contour interval 1 foot, total a rea 
26.2 acres, cropped area 24.6 acres 
Irrigation water is obtained from the North Jordan Canal and 
is measured with a trapezoidal weir and a Clausen Pierce weir gage.ll 
The water-application efficiency on this farm is higher than on 
any of the other 5 Salt Lake County farms. Two tests were made on 
grain having an assumed root zone of 36 inches and 2 tests on alfalfa 
with a 60-inch root zone. In no case was there a serious over-applica-
tion of water, nor was the soil excessiyely moist before irrigation. The 
average efficiency for the grain was 49 percent and for the alfalfa 
68 pel·cent.12 
The maj or recommendation is to re-design the irrigation system 
on the eastern half of the farm where the slope of the land varies 
from 8 percent to less than 1 percent and presents a difficult irrigation 
problem. 
Farm 21. The soil on this farm near Riverton is of three classes, 
Redrock loam, Redrock silty clay loam, and Bingham loam. Bing-
ham loam is the maj or oil of the east one-third of the farm, Redrock 
loam, the south side, the Redrock silty clay loam is along portions 
of the north side. The water-holding capacity of the soil is high. 
11. Direct measurements with the weir were not satisfactory because of poor 
contraction conditions. 
12. One measurement on alfalfa resulted in an efficiency of 108 percent. No 
explanation can be made of it except to say that it was probably the result 
of an error. 
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o JOO InJ 
F arm 21- Riverton, Salt Lake Countv contonr interval 2% feet, total area 
42.5 acres, croppen area, 40.0 acre; 
The irrigation water is obtained from the Utah and Salt Lake 
Canal. It was measured with a current meter and with a rectangular 
weir when the flow was small. 
"Vater-application-efficiency tests were made on crops having 
assumed root zone depths of 36, 48 and 60 inches. The average of 
two tests on the shallow-I'ooted crops was 20 percent. On beets having 
a root zone of 48 inches, the efficiency was 35 percent and on alfalfa 
with a root zone of 60 inches the efficiency was 41 percent. The av-
erage efficiency for the 4 tests was 29 percent. One of the low effi-
ciencies was caused by over-application of irrigation water, one by 
high moisture content before irrigation, and the other two were caused 
by a combination of both factors. 
The two major causes of over-application of water on this farm 
are (1) the use of small irrigation streams and long irrigation runs, 
and (2) the wrong spacing of irrigation turns. 
During the early part ()f the season the canal is full and large 
streams are delivered. However, later the water surface in the canal 
is too low to deliver large streams with the present outlet structure. 
vVhen irrio'ating by the flooding method with a small stream, often 
the stream would all percolate into the soil and not run through to 
the lower end of the field. The lengths of run ranged from 450 to 
600 feet. 
The irrigation water was delivered on a rotation system. The 
"turn " were so spaced that often water would have to be applied 
before the crops actually needed it, in order to hold them ov r to the 
next irrigation. This practice results in considerable deep percolation 
loss unless extreme care is taken. 
Higher water-application efficiencies could be obtained by in-
creasing the size of the stream used, or reducing the length of run, 
and also by arranging the time between irrigation turns so as to con-
form better to crop needs. 
F,arm 22. This farm is located near Sandy. The soil of the west 
half is Taylorsville loam and the east half is composed chiefly of 
• 
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Farm 22- Sandy, Salt Lake Count)", contour interval 1 foot, total area 57.·1. 
acres, cropped area 56.0 acre 
Decker loam. Irrigation water proYided by the Draper Irrigation 
Company. 
Of the 6 measurements of water-application efficiency, 4 were 
made on sugar beets having an as umed root zone depth of 48 inches 
and 2 measurements were made on alfalfa with a root zone depth of 
60 inches. The efficiency on the sugar beets ranged from 31 to 59 
percent (table 4a) with an average of 46 percent. The efficiency in 
2 measurements on alfalfa was 11 and 40 percent with an average of 
26 percent.13 The average water-application efficiency for the farm 
was 39 percent. Th 11 percent effici ency on alfalfa was with an 
application of 13 inches depth of water in a single irrigation. During 
most of the irrigations, a reasonable amount of water was applied to 
the land. The moisture content of the soil before irrigation was gen-
erally in the lower optimum range. The major cause of low water-
application efficiency was caused by excessive runoff from the fields. 
The irrigation system was so planned that runoff water from all fields 
studied was applied to lower crops and in this way was not lost to the 
farmer. 
Farm 23. Th major part of the farm located at Granger is a 
'V'elby loam, deep hardpan pha e. The extreme northern end of the 
farm is a Bingham loam, deep phase. The Utah and Salt Lake Canal 
13. One efficiency of 104 percent was found for alfalfa with 3.9 inches depth 
of water applied during the irrigation. The moisture content of the soil 
before the irrigation was low enough to allow the storage of almost 6 
inches of water, therefore, it is reasonable that with no runoff, the effi-
ciency should be verr near 100 percent. 
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provides irrigation water, which was 
measured with a permanent rectang-
ular weir near the canal. 
• The average of 5 measurements of 
water-application efficiency (table 
4b) was 45 percent. Two measure-
ments on grain with a 36-inch root 
zone ranged from 21 to 24 percent, 
or an average of 23 percent. Three 
measurements on alfalfa ranged from 
34 to 72 percent, with an average of 
59 percent.14 
The studies on this farm show 
clearly that excessive water applica-
tions cause low efficiencies. For in-
stance, 20.7 inches depth was ap-
plied with an efficiency of 21 per-
cent; 12.5 inches, with an effi ciency 
of 34 percent; and 5.6 inches, with 
an efficiency of 72 percent. 
The farm has surface irregulari- I 
ties which make it hard to irrigate. 
However, the ditches are made on 
the contour and the runs average 200 
to 400 feet in length. Such short 
runs result in considerable runoff, 
but the ditches are so constructed 
that water can be applied to lower 
Scale in teet 
300 ~ 
Farm 23- Riverton, Salt Lake 
County, contour interval 5 feet, 
total area 71.4 acres, cropped area 
67.8 acre 
fields ' from either ide of the farm. The water-application efficiency 
is next to the highest for the Salt Lake County farms, but would be 
much higher if account were made of the runoff applied to lower fields. 
Summary For Salt Lake County Farms: Farm 17 was the only 
farm studied in Salt Lake County that was on class I soil. The average 
of 5 measurements of water-application efficiency (table 4a) was 19 
percent. The dominant factors contributing to low efficiencies are 
over-application in 3 cases and a combination of over-application and 
too high a soil moi ture content before irrigation in 1 case. 
14. An efficiency of 130 percent was measured on an alfalfa field after an 
application of 2.8 inches depth of water had been applied. No explana-
tion can be given except to say that there is probably some undetermined 
error in the recorded data. 
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T able 4-b. S'IJITYIffrl,ary of res'lJ;lts of water application-efficiency measurements 
Salt Lake County farms 
1 :J J. 5 8 
Assumed Number of water- Ra nge Average 
Farm depth application- of water All Land 
Class number of crop efficiency efficien- a pplication tests class 
root zone measurements cies efficiency avg. avg_ 
inches pe1'cent pe1'cent pe1-cent 
I 17 36 4- 3-20 11 
60 1 54 54 19 
All tests 5 3-54 19 
18 60 4 9-30 18 
All tests 4 9-30 18 
19 36 2 35-62 49 
60 2 63-72 68 
All tests 4 35-72 58 
21 36 2 13-26 20 
II 48 1 35 35 88 
60 1 41 41 
All tests 4 18-41 29 
22 48 4 81-59 46 
60 2 11-40 26 
All tests 6 11-59 89 
23 36 2 21-24 23 
60 3 34-72 59 
All tests 5 21-72 45 
The other 5 farms were placed in class II. Twenty-three tests 
of water-application efficienci es on these farms gave an aver age of 38 
percent. The maj or factors contributing to low efficiency are: over-
application, 6; too high a moisture content before irrigation, 1; com-
binations of over-application and too high a moisture content before 
irrigation, 5; runoff, at least 5. 
SUMMARY OF WATER-APPLICATION-EFFICIENCY 
MEASUREMENTS 
A SUMMARY of the results of the water-application-effi ciency tests in Utah County is given in table 3b and of Salt Lake County in table 
4b. The results for .utah County farms represent 3-years' study and . 
145 tests. The results for Salt Lake County are based on only 1 year's 
study and 28 t ests. Effiicencies on the II Utah County farms ranged 
from 24 to 51 percent with an average of 40 percent. E fficiencies on 
the 6 Salt Lake County farms ranged from 18 to 58 percent ' with an 
average of 35 percent. 
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The dominant factors contributing t o low water-application effi-
ciencies on all farms in both counties were excessive applications of 
water, uneven distribution of water over the land, and excessive mois-
ture content of the soil before irrigation, or a ·combination of these fac-
tors. However, there are other general factors which influence water-
application efficiency. These along with those listed above are dis-
cussed in the following section. 
DISCUSSION OF GENERAL FACTORS WHICH 
INFLUENCE WATER-APPLICATION EFFICIENCIES 
IRREGULAR land surfaces, shaHow soils underlain by gravels of high 
permeability, small irrigation streams, non-attendance of water dur-
ing irrigation, long irrigation runs, excessive water applications-all 
these variable factors contribute to large deep-percolation losses and 
low water-application efficiencies. In the same way, also, use of 
excessively large heads, improper preparation of land, compact imper~ 
vious soils, steep slopes, and non-attendance during irrigation con-
tribute to large runoff losses and low water-application efficiencies.15 
Some of the factors16 which influence water-applicati~n efficiencies are 
described herein under two general divisions, namely: non-controllable 
factors and controllable factors. 
Non-Controllable Factors 
The physical properties of soils influence water-application effi-
ciencies and some of these properties such as t exture, (i.e. the size of 
soil particles) and depth of soil cannot be controlled by irrigators to 
any appreciable extent. Other physical soil properties, such as struc-
ture, compactness, porosity, field-water capacity, and permeability can 
be modifi'ed to a small degree by intelligent soil management practices. 
Plowing, for instance, influences the degree of compactness, the po-
rosity and the permeability of a thin top layer of soil-a layer having 
a depth of only one-fourth to on~eighth of the. root zone. Barnyard 
manure, when spread over the land and plowed under the soil, also 
probably influences these soil properties in a thin surface layer. 
Soils vary greatly in physical properties, some are deep and -r ela-
tively homogeneous, some are shallow, some are compact and some are 
15. High efficiency increases the probability that water will be used economic-
ally, although it does not insure economical use. The economical use of 
water is a function of the water costs, the crop yields, and the crop 
values; whereas water-applicatipn efficiencies involve directly neither water 
costs nor crop yields. 
16. It should be noted that the following discussion of these influencing factors 
is based on knowledge that is common to irrigation engineers, agronomists, 
and soil specialists in the western states and therefore that it does not rest 
essentially on the experiments herein reported. 
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loose, some are clays, some are loams, some are gravelly loams-all are 
variable. Land topography likewise varies greatly. Some irrigated 
farm lands have moderate slopes and comparatively smooth surfaces, 
others have steep slopes and rough surfaces, and still others have 
variable slopes and variable smoothness of surface. 
Some modifications of the foregoing soil properties and land sur-
face conditions are of course possible; but in general irrigation prac-
tices, consideration being given to financial limitations, the foregoing 
factors can be changed only to a small degree and therefore are classed 
herein as non-controllable. 
Controllable Factors 
Water-application efficiencies ar~ influenced by the practices of 
the irrigation companies and of the farmers. For example, the irri-
gation company is responsible for methods of water delivery to the 
farmer, the sizes of stream delivered, the bases of water charges, and 
to some extent for amounts of water available. 
It is not the purpose of this bulletin to consider fully the ways in 
which, and the extent to which, irrigation company practices influence 
water-application efficiencies. These practices do influence these effi-
ciencies, and they are controllable. In Utah these practices are subject 
to many practicable improvements that would increase efficiencies to 
the advantage of both the companies and the irrigators. 
Some of the more noteworthy factors which influence water-appli-
cation efficiencies and which are controllable by individual irrigators 
are: 
1. Preparation of land for irrigation 
2. Methods of water application 
3. Time rate of water application 
4 . Surface runoff losses 
5. Soil moisture content before irrigation 
6 . Volume of water applied at each irrigation 
7. Available water supply 
8. P ersonal -attention to water distribution 
Because of the direct and maj or influence of each of these factors 
on water-application efficiencies, and because they are controllable by 
irrigators, the influence of each factor is briefly considered. 
1. Preparation of Land for Irrigation - A common practice 
among Utah irrigators is running water down the steepest slope of the 
land-in many cases on slopes of 4 percent and higher. This results in 
excessive erosion, and runoff and insufficient percolation of water into 
the soils of low permeability. Running water along slopes of 2 percent 
or less, shows great promise of increasing water-application efficiencies 
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and preventing excessive erosion. Smoothing of land surfaces also 
promises great advancement toward increasing water application effi-
ciencies. 
2. Methods of Water Application-It is common practice in 
Utah and adj oining states to irrigate either by the flooding method or 
by the furrow method. The furrow method contributes toward higher 
water-application efficiencies because usually it gives the irrigator 
better control of his stream. However, in some of the western states 
where the border strip flooding method is used- a method in which the 
stream flowing over the surface is guided by permanent levies-high 
water-application efficiencies may be attained if the farmer gives care-
ful attention to water distribution. The task of adapting methods of 
water application to the land surface and type o.f soil requires careful 
plans and layout of irrigation systems. The length-of-run, width-of-
strip, size-of-stream per turnout, and slope o.f land surface in the 
direction of water flow should be planned together as a unit. The 
physical characteristics of the soil influence the choice of method of 
irrigation to be used. For instance on a porous, open soil of high per-
meability and resistance to erosion, it is desirable to irrigate with a 
relatively short length of run, a narrow strip of land, and a large 
stream per turnout. Care must always be exercised to prevent erosion 
of the soil when water is applied under these conditions. On the other 
hand, a clay soil of low permeability has entirely different requirements 
-the runs may be 3 to 4 times as long, the land strips or checks may 
be much wider, the stream can be very small at each turnout and the 
slope may be quite slight without causing inefficient application of 
water. Of course, these two examples are extremes. Most soils lie 
somewhere between these two extremes, and it is essential for the irri-
gation farmer to realize that there should be modification of these ex-
tremes to meet the needs and requirements of his farm. 
3. Time Rate of Water Applic,ation-"Time rate of water 
application in irrigation" depends on the size of stream, the length of 
run or furrow and the width of land strip or number of furrows irri-
gated at one time. 
Many Utah farmers have noticed the effect of using a stream which 
was too small to reach the lower end-they have seen that the water 
percolated into the soil at a faster rate than that at which it was 
applied. However this is not always apparent to the casual observer 
until it has reached the extreme. In such cases, where the permea-
bility or rate of percolation is high, much water is lost into the subsoil 
in an effort to get the lower end of the field irrigated, and the water-
application efficiency is therefore lowered. 
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It is not yet known how mu ch the time rate of irrigation need 
exceed the permeability but it mLl t be greater to avoid low efficiencies. 
On some farm water supplies from mall arte ian wells are u ed. 
On these farms it is essential to tore the flow from the wells in reser-
voirs, such as the one shown in figure 4, in order to get irrigation 
streams large enough to assure satisfactory time rates of water appli-
cation and efficiencie . 
Fig.4o A typical farm reser voir in Utah County. The e small fa rm re ervoirs 
enable their owners to use proper size irrio'ation stream and thereby 
increase water-application efficiencie 
4. Surface Runoff Losses-Low water-application efficiencies 
sometimes result from the application of very large streams to small 
farm plots or areas, thus causing excessive runoff losse from the farm. 
When the time rate of water application is high as compared to the 
permeability of the soil, there is frequently inadequate infiltration of 
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water into the soil and also preventable loss of water at the lower parts 
of the field. During the earlier months of the irrigation season in Utah, 
April, May, and June, melting snows and spring rains fill the creeks 
and rivers to capacity, and farmers 'lose appreciable quantities of irri-
gation water by surface runoff resulting from copious irrigation and 
non-attendance of water, whereas during the later months of July, 
August and September surface runoff losses on many farms are negli-
gible because of the care used in water application and control. The 
fact that surface runoff losses can easily be seen by the farmer enables 
him to reduce or prevent them much more readily than he can reduce 
01' prevent deep percolation losses. 
5. Soil Moisture Content Before Irrigation-Th~ volume 9£ 
water that can be stored in the root zone for a particular area depends 
on the field-water capacity and on the soil moisture content at the time 
of irrigation. If, for inst?-nce, the field-water capacity is 20 percent, 
dry weight basis, and the moisture content before irrigation is 14 per-
cent, then the irrigator may add 6 percent moisture. 
Field-water capacities of the soils of 14 Utah County farms are 
shown in table 5a and those of 9 Salt Lake County farms, in table 5b. 
It will be noted that 62 field tests were made in Utah County of which 
20 were on class17 I lands, 34 on class II, and 8 on class III lands. 
Field-water capacities on the basis of percentage of the weight of dry 
soil are shown in column 4 and in inches depth of water per foot depth 
of soil in column 5. Farm no. 1 has the smallest field-water capacity-
only 2.7 inches per foot of soil-and farm no. 9 has the highest 
capacity of 4.7 inches per foot for the ordinary mineral soils. Farm no. 
14 has a peat soil and the high water capacity of 7.0 inches per foot is 
therefore not comparable with the other farms. 
Twenty-eight fi'eld-water capacity tests were made on Salt Lake 
County farm soils as shown in table 5b. The soils of farm no. 17 
have the lowest capacity for water , only 2.6 inches per foot depth of 
soil, and the soils of farm no. 21, the highest, 4.6 inches. The average 
field-water capacity of the soils of farms 18 to 23 is 4 .0 inches of 
water per foot depth of soil. 
Frequently, and doubtless unknowingly, farmers irrigate soils in 
which the moisture content is near the field capacity. The results are 
excessive deep percolation, only small volumes of water stored in the 
soil, and low water-application efficiencies. On the other hand the 
farmer must, of course, strive to maintain readily available moisture 
at all times and thus avoid retarding plant growth. To make the 
initial moisture content very low so as to get a high water-application 
efficiency, may seriously decrease crop yields. 
17. See page 7 for a statement of the basis of land classification. 
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Table 5a. Field wate1' capacities of Utah C()1.J,nty fa'Y'm soil8 
1 I 3 4 5 6 
Land Farm Number 
-Field-water-capacit~'-
Percent mois- Inches wa ter Land 
class number of tests ture dry per foot class 
weight basis depth of soil avg. 
inches 
1 4 15.6 2.7 
2 7 19.4 3.3 
I 3.0 
3 4; 19.9 3.1 
4 5 16.5 3.0 
5 2 23.1 3.9 
6 5 18.8 3.2 
' 7 7 21.8 3.8 
II 3.8 
8 10 17.4 3.1 
9 7 27.6 4.7 
10 3 22.1 4.1 
11 2 20.6 3.9 
12 4 25.2 4.0 
III 3.8 
13 1 20.0 3.5 
14 1 48.5 7.0 
Table 5b. Field water capacities of Salt Lake Oounty farm 80il8 
~ S 4 5 ~ 
Land Farm Number 
- Field-water-eapacity-
Percent mois- Inches water Land 
class number of tests ture dry per foot class 
weight ba is depth of soil avg. 
inches 
15 3 21.6 4.0 
II 3.9 
16 1 21.4 3.8 
I 17 2 12.5 2.6 2.6 
18 5 22.8 4.0 
19 3 22.4 4.0 
20 1 20.8 3.6 
II 4.0 
21 7 25.8 4.6 
22 3 19.7 3.8 
23 3 20.8 4.0 
Under the rotation system of irrigation, which is practiced by 
many Utah irrigation companies, crops are often irrigated before they 
are actually in need of water. Even though the soil moisture content 
may be only 2 or 8 percent below the field-water capacity, the farmer 
irrigates when his " turn" comes, thinking that before another "turn" 
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comes the crop will have begun to suffer from lack of water. While 
this mayor may not be true, the practice results in a low water-
application efficiency -chiefly because of the difficulty of spreading 1 
or 2 irrches depth of water uniformly over the land surface. If the 
farmer had waited a few days longer, the moisture content would 
have been reduced considerably, yet not enough to r etard the growth 
of his crop, and the soH would then have more available capacity for 
the storage of irrigation water, which can be more uniformly spread 
over the surface when applied in larger amounts. 
6. Volume of W ,ater Applied at Each Irrigation-~'fany farm-
ers apply a larger volume of water to their land than can possibly be 
held in the root zone even though the moi sture content may indicate 
that the crop is in need of water. For example, an average farm soil 
will l'etain only about 1 to I lj2 inches of irrigation water per foot 
depth of soil. If the crop root zone extends only 4 feet below the soil 
surface, the maximum amount of water this soil can absorb and retain 
in the root zone is 6 inches. Therefore, not more than a 6-inch depth 
of water is required to irrigate the land adequately if spread uniformly. 
Farmers unknowingly sometimes apply amounts 3 to 4 times as great 
as this, thinking that since the water percolates through the soil it is 
used beneficially. This condition usually occurs in cases where there 
are large water supplies, and conservation seems unimportant to the 
farmer. 
7. Av,ailable W ,ater 'Supply-The amount of water available 
for use in irrigation is one of the most frequent causes of a high or low 
efficiency. Farmers who apply water effici ently during p eriods of 
normal water supply may obtain a lower effi ciency if an abundant 
supply of water is available. On the other hand, f a rmers who under 
normal conditions have an abundant supply, may, when less water is 
available, apply it in a much more efficient manner. 
On many Utah farms the water supply for each farmer is highest 
during spring and early summer and lowest during the midsummer 
months of July and August . It was noted in the studies herein reported 
that the water-application efficiencies were usually lower during May, 
June, and S eptember than during July and August. 
The individual farmer is not wholly responsible for the lower 
early-season efficiencies. Irrigation companies can contribute greatly 
to the general welfare by providing seasonal water storage so that the 
surplus water supplies of May and June may be held fo.r delivery 
during July and August when most needed. More small reservoirs and 
better seasonal water distribution by the irrigation companies would 
contribute much toward increasing water-application efficiencies 
throughout the irrigation season. 
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8. Personal Attention to Water Distribution-A common cause 
of low water-application efficiencies in Utah is the practice by farmers 
of leaving the irrigation to inexperienced hired help, or, ind ed, the 
practice of simply turning the water onto the land and then lea,ing it 
for many hours without further attention. It is a misleading and Ull-
wise saving of labor, thus to neglect attention to water, and it results 
in low water-application efficiencies, usually at a ,high cost to the 
farmer in water losses and reduction of crop yields. 
DISCUSSION OF RESULTS IT was found that water-application efficiencies vary over a wide 
range from farm to farm, and from time to time. :Many different 
conditions may result in high or low efficiencies which may be contrary 
to ordinary practice. Water supply conditions, soil type, m thod of 
distribution of water to the farmer by the irrigation company, the 
individual farmer's methods and practices, and other factors preYiously 
considered herein may influence the r esults. 
The eleven farms studied in Utah County show a widely varying 
range of water-application efficiencies. Although these farm s are be-
lieved to be representative of the area as far as soil type and il'l'iga-
tion conditions are concerned, it does not follow that th e efficiency of 
water application on the farms which were studied represents the 
average of the farms in the county. Irrigation methods and practices 
vary so widely from one farm to another that application of these data 
to an analysis of the county as a whole may be misleading. However , 
it is hoped that the results and I'e commendations presented will be 
helpful to irrigation farmers under like conditions. 
, Of the many factors which influence water-application effici encies, 
the depth of water applied at each irrigation is of maj or importance. 
The influence of this , factor in the Utah County studies is shown in 
figure 5a. Dividing applied depths of water arbitrarily into zones 
from 0-2 inches, 2-4 inches, 4-6 inches and so on in two-inch intervals 
up to 34 inches, it will be seen in the tabulated data on figure 5a that 
26 t ests were made for depths ranging from 2-4 inches; 40 t ests for 
depths of 4-6 inches; 26, for depths of 6-8 inches; and 17, for 8-10 
inches. 
These data show that for the 110 tests in which the depth of 
'application was less than 10 inches, the, average water-application 
efficiency decreased continuously from 87 percent to 38 percent. 
Examining the curve of figure 5a for the data showing relationship 
between depth applied and efficiencies obtained, it will be noted that 
for depths of water exceeding 5 inches the efficiency was always lower 
than 50 percent; that for depths exceeding 10 inches, it was lower 
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Depth of Number of 
water efficiency 
applied tests Max. 
0 Inches No. Percent 
30 o - 2 1 87 87 
2 - 4 26 93 13 55 
4 - 6 4D 81 11 45 
., 6 - 8 26 80 16 40 
4l 8 - 10 17 65 9 38 
..c: 
0 10 - 12 8 57 8 30 .~ 12 - 14 1 18 18 
14 - 16 5 40 6 23 
s:: 16 - 18 2 13 11 12 .~ 18 - 20 2 22 21 22 ~ 
20 - 22 1 26 26 fIl .~ 0 ' 22 - 24 1 15 15 ~ 20 24 - 26 0 
..c: 26 - 28 2 18 16 17 
0 28 - 30 0 
.. 
4l 0 30 - 32 0 ~ 32 - 34 1 18 18 
"C 
4D ;: 
0-
n. 0 .. 
'" 4l ~ 
'10 
.... 
0 
..c: 
~ 
n. 
4D 
0 
o 
o 20 40 60 80 100 
Water-applicftti~n efficiency~ Percent 
Fig. 5a Relation of water-application efficiencies to depths of irrigation water 
applied in each irrigation, Utah County 
than 32 p ercent; and for depths exceeding 15 inches, it was lower 
than 24 percent. It is, of course, r ecognized that other fa ctors influ-
ence water-application efficiencies . This is particularly true in the 
finer textured soils of low permeability . 
The influence of the depths of water applied on the water-appli-
ca tion efficiencies in 28 of the 31 tests18 on Salt Lake County farms 
18. Three of the 31 tests resulted in efficiencies greater than 100 percent as 
shown in table 5b. These are not included in the data of figure 5b. 
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Depth of NlIIIi:ler of Water-application 0 efficiency 
water efficienc 
applied" tests Max. 
Inches No. Percent 
30 o - 2 1 28 28 2 - 4 3 72 54 63 
4 - 6 6 72 31 50 
6 - 8 4 72 13 45 
0) 8 - 10 ) 4D 9 28 Q) 10 - 12 1 20 20 ..c: 
u 12 - 14 4 34 11 20 c: 
oM 0 14 - 16 2 26 24 25 
J 16 - 18 1 13 13 c: 18 - 20 0 
oM 20 - 22 1 21 21 +> ro 22 - 24 1 5 5 bel 0 
..-4 24 - 26 1 30 30 ~ ~ 20 26 - 28 oM 
..c: 28 - 30 
0 30 - 32 III 
Q) 32 - 34 
c: 34 - 36 1 3 3 oM 
't:l 
Q) 
oM 
.-l 
Po 
at 
J.. 
Q) 
+> 
It; 
• 10 
.... 
0 
.s:: 
+6. 
Q) 
0 
o 
o ~ ____ ~ ______ ~ ______ ~ ______ ~ ____ ~ 
o 60 100 
water-application efficiency - Percent 
Fig.5b Relation of water-application efficiencies to depth of irrigation water 
applied in each irrigation, Salt Lake County 
is presented in figure 5b. The tabulated data in this figure show de-
creases in efficiencies as the depths increase from 2-4 inche up to 
the depths ranging from 10-12 inches. Twenty of the 28 test are 
represented by this range of depths. The very low efficiency of 28 
percent for a depth of water less than 2 inches is contrary to the rule. 
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Inefficient water application is seldom, if ever, beneficial to the 
irrigator-the exception being in the case of irrigating a well-drained 
soil with a high alkaline content for leaching purposes. In all other 
cases, the farmer not only wastes part of the water he applies but also 
leaches away readily available plant nutrients, contributes to the detri-
mental rise of the ground-water table with accompanying alkali con-
centration on the land surface of the lower valley lands; and, in some 
cases, erodes away his own top soil, or leaches away the valuable plant 
foods it contains. 
Finally, it is important to r emember that water for irrigation 
is becoming more and more expensive, and that in the future, irrigation 
farmers throughout the West will probably find it essential to make 
corresponding increases in water-application efficiencies in order to 
conserve water and soils and to p erpetuate high productivity of soils 
under irrigation farming. 
CONCLUSIONS 
The Utah cooperative experimental water-application-efficiency 
studies lead to the conclusion that low water-application efficiencies 
usually result under the following adverse conditions: 
1. When the land surface is irreg'ular and water ponds in low 
places making uniformity in distribution impractical. 
2. When the farm irrigation sys tem and methods 'of water ap-
plication are obsolete and not suited to the needs of the farm. 
3. When the time rate of water application is too high, as in the 
use of very large streams on small plots having low perme-
ability, or when it is too low, as in the use of small streams 
and long irrigation runs on highly permeable soils. 
4. When surface runoff losses are excessive as a r esult of con-
ditions beyond the control of the irrigator, or because of care-
lessness. 
5. When the farmer irrigates while his soil is still quite moist. 
6. When excessive volumes of water are applied in single irri-
gations. 
7. When the supply of water is above normal rather than below. 
8. When the farmer fails to give reasonable and I}ecessary per-
sonal attention to the control and distribution of irrigation 
water on his farm. 
The conditions above stated which contribute to low water-appli-
cation efficiencies can be economically improved by intelligent and 
persistent effort of irrigation farmers. 
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